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THE VELOCITY OF THERMAL DECOMPOSITION OF 
OXALACETIC ESTER DERIVATIVES.
INTRODUCTORY.
It is well known that it is possible to obtain 
carbon monoxide,by heating oxalic acid over 1 0 0 ° C  :
COOH. COOH--» CO + C02 + Hg0 (1)
though formic acid may also be produced:
COOH. COOH--> H. COOH + C0g . (2)
By esterifying one of the hydrogens of oxalic acid,
we obtain a compound, which dissociates according to
equation (2):
COOH. COOCgHg --- > H.COOCgHg + COg,
while, by the addition of concentrated sulphuric acid, 
we can make the reaction follow the first course. It 
is not so well known, however, that it is possible 
to obtain derivatives of oxalic ester which on heating , 
yield carbon monoxide alone. Wislicenus noticed in 
1894 (Ber. 27, 792 ) , that certain derivatives of 
oxalacetic ester, when heated to 150° - 200°, gave a 
quantitative yield of carbon monoxide - E g .
(3)
C O O C g H g . C O . C H R . C O O O g H g  — $ C O  + C O O C g H g . C H R . C 0 0 C g H 5 - 




Such compounds can be prepared by condensing 
diethyl oxalate with an acetic ester derivative, in 
the presence of dried sodium ethylate:
COOEt. COOEt + = COOEt.C(OKa>: CR.OOO-Et
(4)
CHgR. 000-Et + 2 Et-OH.
«f NaO-Et.
The thermal decomposition (3 ) was given the name 
o f  ''Kohlenoxydspal tung': by W islicenus and it was the 
f i r s t  object o f  th is research to examine the k inetics  
o f  th is pecu lia r reaction , in  which a carbon atom 
actu a lly  seems to break from the middle o f a chain.
For this purpose, the ethoxy derivative, ethoxy 
oxalacetic (diethyl) ester,was chosen (C00-Et.C0.Cli(0Et). 
COOEt), and it was soon established that, at a tempera­
ture near 185°0, the decomposition followed the uni- 
molecular law:
k  “  t  1 0 8  -  x  •  ( 5 )
This hoped-for result, at once opened a field for in­
vestigation, in view of the importance which uni- 
molecular reactions have assumed within recent years.
The foundations of chemical dynamics are, even 
now, on a rather arbitrary footing, and the examina­
tion of first-order changes such as this - of which 
few really good examples are known - is obviously the 
simplest point at which to attack the question. There 
is, however, another reason why we should look into 
this/
th is reaction , fo r  i t  is  claimed by some chemists, that 
a reaction , in  which only one species o f molecule is  
concerned, is  impossible (except in  the case o f  a rad io ­
active change). In  other words, a process which obeys 
equation (5 ) is  not n ecessarily  unimolecular (Of Lowry, 
Trans. Farad. Soc. XVII, (3 ),  596).
This b e l ie f  re s ts , in  the f i r s t  p lace , on the 
phenomenon o f c a ta ly s is , which occurs to a marked ex­
tent, even with many f i r s t  order chemical changes. 
Several reactions have been shown to be prevented 
en tire ly , by the removal o f  a trace o f  a second sub­
stance -  u sua lly  water. For th is reason, the carbon 
monoxide reaction  was examined as regards the e ffe c t  
o f  so lvents, acids and bases,and f in a l ly  water.
As w i l l  be seen, la t e r ,  the question was also in v e s t i­
gated by changing the method o f carrying out the re ­
action .
A second reason fo r  examining th is  reaction  is  
to be found in  the Lew is-Perrin  theory, (Ann. de Phys. 
1919, I I ,  5 and «T.C.S., 109, 796) that a l l  chemical 
reactions are caused by rad iation  -  a theory which, 
up to the present, has been d ire c t ly  tested in  but a 
few cases. I t  Is  f i r s t  necessary to know whether the 
ve loc ity  constant va rie s  with temperature according 
to the Arrhenius la w :
(log K) = I ts
The experiments with the ethoxy compound showed that 
th is was the case. Now Lewis and Perrin  predicted, 
that/
that i t  would be possib le  to ca lcu la te , in  the case 
o f unimolecular reactions, the frequency (v ) o f  the 
active lig h t  from the re lation ,Q  = Nhv (Planck) 
where Q = the heat o f  activation  obtained from
N = Avogadro's number.
The truth o f th is hypothesis could be tested fo r  the 
derivatives o f  oxa lacetic  ester In two ways:
(1 ) By illum inating them strongly with l ig h t  o f  the 
wavelength, calcu lated  from the heat o f  activation .
(2 ) By photographing th e ir absorbtion spectra.
More recently , an explanation o f the ve loc ity  o f  
unimolecular reactions, which r e l ie s  so le ly  on co l­
lis ion s^  to supply the necessary energy o f activation  
has been elaborated by Christiansen & Kramers.
(Z e it . f .  Phys. Chem. 104, 457). According to them 
the “active  molecules*', postulated by Arrhenius to 
explain  h is equation,have acquired by c o ll is io n  su f­
f ic ie n t  energy to bring them to a certain  high quantum 
state  (s im ila r  to that assumed by Bohr in  the region  
o f atomic structu re ). I f  A = p ro b a b ility , that an 
active  molecule w i l l  decompose during one second then, 
they deduce:
Arrhenius* equation above,
-  Ea -  En 
RT “  q/ rt
k = a * e = Ae
Where /
5.
Where Ea = energy o f  a molecule in  the active  state  &
En = energy “ ,! " normal “
This is  simply the Arrhenius formula in tegrated .
Thus there are two fundamental constants char­
a c te r is t ic  o f a unimolecular reaction : Q r  the energy
o f activation  or “ c r it ic a l  increment“ and V a > the 
average " l i f e “ o f an active  molecule. We should get 
some insight into the nature o f a unimolecular change 
i f  we can estab lish  any re g u la r it ie s  in  the variations  
o f  the values o f  A and Q , in  d iffe ren t circumstances. 
The " kohlenozydapaltung" provides us with a favourable  
opportunity fo r ,  by changing the group -  R, we obtain  
molecules o f  d if fe r in g  “ s t a b i l i t y " .  I t  is  true that 
Cain & N ic o ll (J .C .S . 85, 470) have measured the 
temperature varia tion  o f the rates o f decomposition, 
o f  a number o f re la ted  diazo compounds; but their  
re su lts  are not o f use fo r  our purpose as the reaction  
i s  only apparently unimolecular -  the solvent water 
acting sto ich iom etrica lly .
The la t t e r  part o f th is  research, then, consists  
in  measuring the temperature varia tion  o f the reaction  
constant, in  d iffe ren t  d erivatives . The ra d ic a l ,  R , 
was in  turn -OCgHg, “CHg, -H, -CHg.COOCgHg and -CgHg.
6.
Ethoxy oxalacetio (d ie th y l) e s te r .
Et»000.CO.OH (OEt). OOOEt
The method used fo r th is  substance was s lig h t ly  
d iffe ren t  to that recommended by W islicenus & Scheidt. 
(Ber. 24, 432) 1 mol0. o f  sodium was out into thin  
s lic e s  and placed in  14 parts by w eigh t,o f absolute  
ether. Absolute alcohol was slow ly added and, when 
the action had p ra c t ic a lly  ceased, diethyl oxalate was 
run in  to d isso lve  the layer o f sodium ethylate.
More alcohol was then run in , fo llow ed  by more diethyl 
oxa late . In  a l l ,  1 mol. o f alcohol and 1.2 mols. o f  
diethyl oxalate  (re fractionated  : B .P . 182°C.) were 
added.
To th is  so lution  1 mol. o f ethoxyracetic (e th y l) 
ester was added and the yellow ish  brown solution  was 
allowed to stand fo r  several days. The ethoxyacetate 
was prepared by the action  o f sodium ethylate in  
absolute alcohol on ethyl ch loracetate and b o iled  at 
150°0. (Schreiner, Annalen, 197, 8 ) .
The ether so lution  was now shaken with water and 
the aqueous lay e r , containing the sodium sa lt  o f 
ethoxy oxalacetic  e ste r, separated. The calcu lated  




so lution , and the o i l  separated by repeated extraction
with ether, as described by W. & S. (lo o . c it .  )•
n oThe ester bo iled  at 1 34 -7  0. at 8 mm.
Several preparations were made by th is  method 
but these were never so pure as when “alcohol free"  
sodium ethylate was used. The sodium sa lt  o f th is  
ester does not c ry s ta ll is e  from a lcoho l, so that the 
only possib le  method o f p u r ific a t io n  was by frac t io n ­
ating in  vacuo. By doing so three or four times, a 
product was obtained which b o iled  at 133°0. at 8 mm., 
over a range o f le s s  than two degrees. During the 
repeated d is t i l la t io n s  o f course,carbon monoxide was 
formed by overheating and the product therefore con­
tained ethoxy malonic e ste r . That the impurity was 
about 10% o f  the whole, was shown by the y ie ld  o f  
carbon monoxide on complete decomposition.
cf. Oxal-propionic e s te r .
EtOOC.CO. OH(CHg ) .OOOEt
In th is case the sodium ethylate was prepared  
(a lcohol f r e e ) by passing a stream o f  dry hydrogen 
into a la rge  r -b  flask ,con ta in ing  i t s  alcohol so lution  
The white so lid  formed was eventually heated on an 
o i l  ba th ,in  the hydrogen stream to 200°, fo r  f iv e  hours 
The ethyl propionate was fractionated  before  use, 
u n til i t  b o iled  at 97.3 -  98.3°0 . Otherwise the 
preparation/
preparation was carried  out as described by Arnold  
(Ann. 246, 329). Two such preparations were made and 
in  both cases the y ie ld  was o f  the order o f  eighty per. 
cent.and the product very pure.
Prep. I .  B .P . 120-121°G. at 14 mm.
I I .  114°C. at 10 mm.
Oxalacetio e s te r .
:;iEtOOO.OO.CHg• OOOEt. (See W islicenus,Ann. 246, 315).
In view o f the success o f  the above method o f  
preparing the condensing agent, th is way was repeated  
with subsequent preparations. In  the case o f  o x a l-  
acetic  ester, the condensation product soon s o l id i f ie d  
from the ether so lu tion , as the sodium s a lt .  A fte r  
extraction , a nearly  theoretica l y ie ld  b o iled  stead ily  
at 115°C. at 11 mm. This preparation  was kept fo r  
two or three months before  use, when i t  was r e d is t i l le d .  
I t  now bo iled  at 111° -  113° at 9 mm. and l e f t  a l ig h t  
brown syrup In the d is t i l l in g  f la sk . This i s  always 
obtained when oxa lacetic  ester is  d is t i l le d .  (Ber. 27, 
794). A sim ilar substance was always obtained from 
the ethoxy compound and may account fo r  the d i f f ic u lt y  
o f obtaining the la t t e r  in  a pure condition.
8.
Oxal/
O sai-succin ic  e s te r«
COOEt. CO. CH. (COOEt.) CHg . COOEt.
The diethyl succinate b o iled  at 209°C. a fte r  
fractionation . Th© condensation was carried  out as 
before» but no attempt was made to prepare the pot­
assium s a lt .  (Ber. 22, 8 8 5 .). At the pressure o f  the 
water pump, W islicenus found that a temperature o f  
150 -  160°0 was required to d i s t i l  the product, and 
that decomposition was f a i r ly  rap id  at th is  tempera­
ture. (As w i l l  be seen la t e r ,  the ve loc ity  has 
actu a lly  been measured at 150°C. ) A Gaede mercury-  
pump was therefore used to obtain  the vacuum, and with  
i t s  h e lp ,it  was possib le  to d i s t i l  the ester without 
any decomposition at 115°0. at 0.8 mm. The pressure  
was recorded on a McLeod gauge. A second preparation  
by the same method gave a product b o ilin g  stead ily  at  
111° at 0.77 mm.
Phenyl oxalacetio  e s te r .
COOEt. CO. CHIp.COOEt.
The b o ilin g  point o f  th is  substance , at 
the pressure o f  the water pump, l ie s  so high that 
W islicenus was unable to d is t i l  i t  undecomposed.
(Ber. 27, 1092). I t  was hoped, by using a be tte r  
vacuum to accomplish th is , as with the la s t  compound. 
Phenyl acetic  acid  (M*P* 73°C ) was prepared from 
benzyl ch loride, v ia  the cyanide (B .P . 227 -  233°) /
9 -
10
-  233° and re c ry s ta llis e d  from b o ilin g  water. The 
ethyl ester was prepared using hydrochloric ac id  gas, 
and b o ile d  sharply at 223«5°C. The reactants were 
mixed in  molecular proportions as u sual, and, in  a 
few hours, the sodium s a lt  c ry s ta llis e d  in  a yellow  
mass. The phenyl oxa lacetic  ester was separated,and  
wat8r and ether removed by means o f the water pump.
A portion  was then d is t i l le d  with great care in  the 
Gaede pump vacuum. With a pressure o f  0.5 mm. the 
ester slow ly d is t i l le d  but, at the temperature o f  bath  
required (145°0) the decomposition was very rap id ,so  
that the d is t i l la t e  consisted la rg e ly  o f  phenyl malonic 
ester.
A further attempt was made to d i s t i l  the sub­
stance, th is time with a '‘HyVao“ o i l  pump and charcoal 
cooled in  liq u id  a ir -to  reduce the vacuum. The pres­
sure rose so quickly, however, that th is was found to 
be im possible.
A l l  these compounds, e spec ia lly  the ethoxy-, 
absorb moisture g reed ily  from the atmosphere so that, 
where there was a p o s s ib i l it y  o f a p reparation 's  being  
a ffected  on th is account, i t  was r e d is t i l le d  before  
use. Drops o f an e s te r , exposed on a g lass surface to 
the a ir,soon  show fin e  transparent c ry s ta ls . These 
consist o f  hydrated oxa lic  acid . The preparations, 
genera lly , were nearly  co lourless but sometimes had a 
brigh t yellow colour, when fre sh ly  d is t i l le d .  This 
faded/
11
faded somewhat on standing fo r  a few hours, and s t i l l  
further, on admitting the moisture of the atmosphere.
PRELIMINARY EXPERIMENTS 
ment
on the measureAof velocity. To follow the process of  
decomposition we have to measure the volume o f carbon 
monoxide, evolved at any instant. Now, when a gas is  
formed in a liqu id , i t  is  a common thing to find the 
gas becoming greatly supersaturated before i t  is  
liberated as bubbles. I f ,  therefore, an accurate 
estimate o f the extent o f reaction is  to be formed, 
we must assist the removal o f carbon monoxide from 
the liqu id , either by simple agitation or by using a 
stream of another gas. Both methods have actually been 
employed, in the work to be described, but only the 
second enables us to measure the true velocity. The 
best gas to use for this purpose is  carbon dioxide, 
fo r , by passing the mixed gases into a Schiff n itro ­
meter, containing caustic potash solution, one can 
measure immediately, the volume o f carbon monoxide.
The ester (about 0.5 gm.) was placed in a tube 
of the shape shown in figure  1. This tube was im­
mersed to a depth of about 5 inches, in an o il-bath  o f  
steady temperature. A stream of carbon dioxide, 
bubbling continuously through the ester in the 
direction DCA, removed the carbon monoxide as i t  
was formed. The longer arm (AC) of the U was 
about/
z . DIAGRAM 1.
A
u O'
about 6 inches long, was exposed to the a i r ,  and thus 
formed a condenser fo r  the malonic e ste r ,ca rr ied  fo r ­
ward by the warm gases. The leading tube (AB) was made 
o f  fin e  c ap illa ry  and was attached by pressure tubing, 
to the foot o f the nitrom eter. The carbon dioxide -  
in  these experiments,from an ordinary K ipp’s apparatus 
-  was passed through three bubblers. The f i r s t  con­
tained a saturated so lution  o f sodium bicarbonate and 
a l i t t l e  permanganate: the second and th ird  contained 
concentrated sulphuric acid . The nitrometer was f i l l e d  
with a 1:1 so lution  o f caustic potash stick .
Thermostat. At 1S0°C., where many o f the experiments
were done, the problem o f keeping a steady 
temperature is  not easy, so some time was 
devoted to th is . The thermostat employed fin a lly ,w as  
gas headed and the one used is  shown in  F ig . 2. 
O asto r-o il was f i r s t  used in  the bath and, though there 
i s  no r isk  o f i t s  catching f i r e ,  i t  has the disadvant­
ages o f  a bad odour and a tendency to thicken into  
a ta r . Two p a ra ffin o id  o i l s ,  t r ie d  afterwards, showed 
the same weakness, and the o i l  had to be renewed when 
i t  showed signs o f re s in ify in g . The elevated tempera­
ture o f  the bath would not remain uniform throughout, 
unless the s t ir r in g  were very v io len t. For th is reason, 
as w e ll as on account o f the type o f reaction-tube, 
there/
there was nothing to be gained by using a la rge  bath. 
The s t i r r e r  was o f the screw-type and turned so as 
to suck the o i l  upwards in  a c lo s e -f it t in g  brass  
cylinder,about 2 inches long. The power was supplied  
by an a ir-en g in e . The bath i t s e l f ,  was o f enamelled 
iron  and lagged with a thick sheet o f  asbestos, while  
the l i d  was made from asbestos board, s t iffen ed  with  
w ate r-g la ss , and had openings fo r  the thermoregulator, 
the s t i r r e r ,  a thermometer and the reaction-tube.
The liq u id  in  the thermoregulator was mercury on 
account o f  the temperature o f working. This has the 
advantage o f  a high coe ffic ien t o f  expansion, good 
conductivity and high bo ilin g -p o in t but the d is ­
advantage o f i t s  weight.
A diagram ( 2. ) o f  the thermoregulator is  given.
A la rge  side arm ( E ) was provided with a screw , 
which adjusted the lev e l o f the mercury. With the a id  
o f  th is,one could give the bath temperatures varying 
by 25°C. ,  without removing o r adding mercury. The 
bulb ( F ) ,  above th is , was provided, so that the 
l iq u id  did not reach the side-tube on oooling down, 
and thus cause trouble when rewarmed, by the trapping of 
a i r .  When the bath had been heated up fo r  an hour 
or so the temperature kept very steadyj occasional 
short fluctuations were never more than h a lf  a degree.
Method. The p ra c t ica l d if f ic u lty  o f  measurement consists  
in  s trik in g  a balance between two con flic tin g  
considerations. (1 ) The rate o f the carbon/
14
carbon dioxide stream must not be so fa s t  as to carry  
the vapour o f  e ither o f the esters over the top o f the 
condenser (past A ). (2 ) The stream o f gas must be
made as rap id  as possib le , in  order to ensure that, 
at any instant, the amount o f  carbon monoxide which has 
not reached the nitrometer is  very small. This gas 
w i l l  be found dissolved  in  the esters and -  mixed with  
carbon dioxide -  in  the space from the surface o f the 
ester to the mercury o f the nitrometer. To this end, 
the volume o f the condenser and leading tube was 
designed to be as small as was consistent with e f f i c ­
ient condensation.
I t  is  obvious that the e rro rs, due to these causes, 
w i l l  be le s s ,  the slower the ra te , fo r ,  when the carbon 
monoxide is  formed slow ly, i t  is  possib le  to sweep out 
o f  the system a l l  but a n eg lig ib le  trace o f the gas.
Thus the measurements at lower temperatures may be 
regarded as more trustworthy. Again, the readings, 
in  the la t e r  stages o f any p a rticu la r  experiment, w i l l  
be more correct than near the beginning.
I t  may be judged from the above, that one should 
not in terrupt the stream o f gas by le v e llin g  the liq u id  
in  the nitrom eter, when taking a reading. There is  
another, even more cogent reason, fo r  th is -  as w i l l  
be seen la t e r .  Readings o f the volume o f carbon 
monoxide were therefore taken,with the reservo ir o f  
the nitrom eter in  a lowered and fixed  position , such 
that/
that the gas stream continued» The true volume was 
obtained by applying a correction (0 ),  from a previously  
constructed ca lib ra tio n  curve. The accuracy o f  the 
ca lib ra tio n s  was f i r s t  tested,by weighing quantities  
o f  water run from the nitrometer -  (as from a bu re tte ).  
The nitrom eter was then charged with 50$ caustic  
potash and the change in  volume, on lowering the 
re se rvo ir  to the standard position ,noted fo r  various 
enclosed volumes o f a ir .  The resu lts  o f th is are 
given in  tab le  1 (p. 15b) and the gross correction is  
p lo tted  against the observation in  Graph I ,  which was 
used in  a l l  experiments with this nitrometer.
The method o f working was as fo llow s: Enough
ethoxy-ester,to  give about 50 cc. o f  carbon monoxide, 
was run, by means o f a long-pointed p ipette , into the 
reaction -tube, which was then connected by thick rubber- 
tubing to the carbon dioxide supply and the nitrometer, 
re spective ly . A stream o f carbon dioxide was passed 
fo r  about an hour, to clean out the a ir  from the 
system. Meanwhile the bath was adjusted to the 
desired  temperature (185.5 °0 ). A fte r f i l l i ng  the
h a d .  b e e n  f i l l e d
nitrom eterAwith fresh  caustic potash so lution , the 
reaction*tube was placed in  the bath and the time 
noted. Readings o f the time and uncorrected volume 
o f  carbon monoxide were then taken, at in terva ls  o f  
roughly three c c ., u n t il the bulk o f the gas had come 
o f f .  The stream o f gas, which at f i r s t  had been kept 
as/
G r a p h . 1
F o e  M i t r ó m eC u r v eC a l i b r a t i o n
reading
C O R R E C T I O r i
15b.
TABLE 1.
Calibration table fo r  100 oo. nitrometer.
Beading with 
reservoir lowered






3.40 0.33 0.22 0.55
5.55 .50 .23 .73
8.35 .75 .22 .97
10.95 .95 .23 1.18
13.05 1.15 .24 1.39
16.30 1.35 .25 1.60
19.05 1.55 .24 1.79
S I .75 1.65 . 22 1.87
26.80 1.95 .21 2.16
32.10 2.20 .23 2.43
37.45 2.40 .21 2.61
42.40 2.50 .22 2.72
47.45 2.55 .22 2.77
52.60 2.60 .17 2.77
57.50 2.60 .18 2.78
82.45 2.50 .13 2.63
as fa s t  as was p o s s ib le , (without causing d is t i l la t io n )  
was now made slower. The value o f the f in a l  volume was 
read when no fu rther increases took p lace. A l l  gas 
volumes were measured a t, or converted to, the tempera­
ture and pressure p reva ilin g  during the early  part o f  
the experiment. Generally, the f in a l  volume only, had 
to he oorrected fo r  th is purpose.
In  the expression fo r  the unimolecular constant,
1 ayk = ^  l ° g io  /a-x  > a is  the to ta l number o f  re ­
acting molecules at the s ta rt , and x the number which 
have reacted a fte r  time 1i. Both o f these were 
measured by the corresponding volumes o f gas and as 
they occur in  the expression only as a/a „ x the 
ra t io  o f  two gas volumes, there was no necessity to 
convert to standard temperature and pressure, fo r  com­
parison with other constants.
A graphical method was employed to fin d  at what 
instant the reaction  could be regarded as startin g : 
the values o f log a/a-x were f i r s t  calculated.
These were then p lotted  against the observed times .
( t i  in  t a b le ) .  I f  the decomposition is  unimolecular, 
the points should l i e  on a straight lin e  -  as was in  
general the case. By producing th is lin e  to cut, 
lo g  a/a-x  = 0 t the required value o f  t ( t 0 ) was 
obtained.
A se rie s  o f re su lts  o f a typica l early  experiment 
i s  appended, together with th is graph. (Table 2 ,Graphic.) 
The/
Gr a ph
ETHOXr-OXALAC£TlC 163'5°CExpt . xxvrr
Ethoxy oxalacetic eater at 185.5°0.
TABLE . 2.
a = 40.0 + 5.8 = 45.Si log a = 1.6609 -f tQ = 11.4 .
*1 V *  c X 45.8-x log10 a/a- * t K x 10 4
10.59 start
(min)
11.2 1.9 .15 + .2 1.45 44.35 .0140
11.5 4.6 .3 <i 4.1 41.7 .0408 1 (408)
11.10 10.0 .8 i) 9.0 36.8 .0951 6 (158 )
11.15 15.4 1.2 n 14.0 31.8 . 1585 11 144.“
11.20 20.2 1.45 ft 18.55 27.25 .225 16 141
11.25 24.6 1.65 n 22.75 23.05 .298 21 142
11.30 28.3 1.8 « 26.3 19.5 .371 26 142.5
11.35 31.5 1.9 n 29.4 16.4 .446 31 144.0
11.42 35.0 2.0 ft 32.8 13.0 ■ .547 38 144
11.50 37.9 2.05 tt 35.65 10.15 .654 46 140
12 noo: l 40.25 2.1 » 37.95 7.85 .766 56 137
12.16 42.3 2.1 + . 2 40.0 5.8 .897 72 (124)
Change to 2nd nitrometer
1.1 1.92
oo 5.7 + .1 5.8
♦  h o t  f r o m Averag56 : k =  141.8
-4
x 10
t a b l e  1 .
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The decomposition is  that o f  ethoxy oxalacetic  ester  
at 183»5 C. The f i r s t  two columns show the observed 
times ( t i )  and volumes (v ) .  c i s  the to ta l volume 
correction  obtained from a table  s im ilar to Table 1.
The fourth  column, x, is  the corrected volume, i . e .
(v -  c ) ,  while the next two give the values o f  (a -  x ) 
and log  a/a~x. wt" is  simply the observed time , t i ,  
minus t0 -  the calculated zero time. The values o f  
k are in  (min. - 1 x lo g 10).
In  th is experiment, as in  several others, a second 
nitrom eter (connected to the leading tube by means o f  
a Y - jo in ) was used fo r  the la te r  stages o f  the ex­
periment. The object was to obviate any error in tro ­
duced by the caustic potash in the f i r s t ,  becoming 
saturated with Carbon dioxide.
I t  w i l l  be seen at once from the graph, that the 
reaction  is  unquestionably unimolecular and this is  
borne out by the values o f k in  the tab le . The con­
stancy o f k remains good through about two-thirds o f  
the experiment, -  and the deviations at the start and 
f in is h , may therefore be attribu ted  to secondary e ffec ts  
or to the experimental method. At the beginning, 15 
minutes are required before the disturbance is  elim­
inated. As regards the f a l l  o f the constant at the 
end, experiments with the methyl derivate w i l l  be 
quoted, in  which th is is  absent, and so the e ffec t is  
p ossib ly  associated with a side reaction pecu liar to 
the ethoxy compound.
ALTERATIONS IN METHOD
early experiments are too numerous to quote
in f u l l ,  and in the main, only the results w i l l  be
variations
given. In the course of them, many dl-fforont methodo 
were tried  in the method of measurement and o f calcu­
lating  the result. Of course, the f i r s t  aim was to 
see how accurately i t  was possible to repeat a result. 
At the same time, the second question -  mentioned in  
the Introduction -  was attacked, namely, whether one 
could influence the reaction (k inetica lly ) by the 
addition o f  other substances.
The main d iff icu lty  throughout was the choice 
o f the best method for determining a -  the total 
volume o f gas evolved. In the f i r s t  place, i t  could 
not be obtained by calculation from the weight o f  
substance used, as the ethoxy compound could not be 
prepared pure enough to give the theoretical y ie ld ,  
according to equation (3 ). I t  is  possible that this 
loss o f carbon monoxide was due to the side-reaction, 
noticed by Wislicenus in the case o f the parent com­
pound -  exalacetic ester. He heated this substance 
quickly and identified in the d istillate,pyruvic ester, 
carbon dioxide and alcohol. These would be formed,by 
adding a molecule of water to oxalacetie ester i t s e l f :
COOEt.CO.CH^COOEt =  COOEt.CO.CH, + C02 + HOEt.
4 H;OH
The water ia presumably obtained by the condensation 
of other molecules of oxalacetic ester, to form the 
viscous o i l ,  which remains in the d is t i l l in g  flask.
Such an o i l  was always found when the ethoxy compound 
was d is t i l le d .
in the second place, i t  was not always easy to 
say exactly when the reaction had stopped, and hence 
to use the f in a l volume as the measure of "a,}. In 
most experiments with the ethoxy derivative, the 
reaction seemed to persist at the end for longer than 
i t  ought -  as judged by a simple calculation based 
on the f i r s t  order law. This phenomenon was probably 
connected with the side-reaction mentioned above.
The third d iff icu lty  was the presence of a i r  in 
the carbon dioxide from a Kipp's apparatus, in very 
early experiments this was ignored but later,steps  
were taken to eliminate or correct fo r  i t .
Value o f Bag
1. Instead o f considering the reaction represented 
by the total volume o f gas, one may consider only 
a portion of the experiment, from say,20 minutes 
a fter  the introduction o f the tube into the bath.
2. The reaction may be hastened,at the end, by raising  
the temperature of the bath.
20.
3. In a number o f experiments, the volume o f nitrogen  
in the co llected  gas was measured by Hempel’ s 
method, and deducted from the value o f  “ai{.
In such cases corrections were also applied  to the 
value o f wx".  The amount o f  oxygen was small.
Value o f *' x” .
As already mentioned# the values o f Hx!i were 
always corrected fo r  the errors o f the graduation and 
fo r  the lowering o f  the nitrometer re se rvo ir . As 
regards the correction fo r  a i r  present, th is was done 
in  either o f two ways: (1 ) On the basis  o f a blank 
experiment with the "Kipp” to be used. (2 ) On the 
assumption that the nitrogen measured, as above, came 
over at a constant rate .
There i s ,  however, good reason to suppose that 
less  error is  introduced, by not correcting fo r  any 
a i r  in  wa” o r  sxft , than by assuming that equal 
volumes o f a ir  reach the nitrom eter, in  equal times.
As an experiment proceeded, the amount o f carbon 
monoxide to be swept out, diminished and therefore, 
th© stream o f carbon dioxide was stead ily  reduced. 
Thus, the volumes o f a i r  brought over would diminish 
exponentially at very much the same ra te , as the 
volumes o f carbon monoxide. Hence, though there may 
be a considerable amount (2$) o f  a ir  in  the gas co l­
lected ,w ith  the experiments o f th is group, no correc­
tions have been made in  the tab les .
Value of to
One point is to be noted with regard to the 
graphical method o f determining the zero time. As 
has been seen on the graph o f the experiment already- 
quoted, there is a displacement of the points on the 
curve, during the f i r s t  fi fteen  minutes. This may 
produce a portion of the curve, which approximates to 
a straight line , but does not represent the true 
velocity. Overlapping this effect is  a weakness, in­
herent in the stream method employed, that i t  is un­
able to show the fast rate o f decomposition to be 
expected at the start -  especially in experiments at 
higher temperatures. Fortunately, this trouble exists 
in only a few experiments, fo r  the graph generally  
leads to a very definite value of tD.
By the methods, outlined above, i t  was easy on 
repeating a determination to obtain a value differing  
by not more than 5fo from the f i r s t  -  provided the 
details of the experiment were kept the same. For 
example, the experiment XL was carried out under 
exactly the same conditions as experiment XXVIII , 
(Table 2) already quoted* See table 3, p. 2.7 *
-4
Ethoxy derivative at 183*f5°0: Average k = 142.9 x 10
The agreement of this value with that already 
given (141*8) is very satisfactory and is  not excep­
tional. However, other early experiments done with 
the/
the ethoxy compound,do not show such good agreement.
In these the method of working was not just the same.
I t  appears from la te r  experiments, that the probable 
cause of differences bigger than 5% is  lack o f care 
with the carbon dioxide stream. I f  this is too fast ,  
gradual d is t i l la t io n  o f the undecomposed substance - 
w il l  lead to an apparently bigger velocity constant.
INFLUENCE OF SOLVENTS, ACIDS AND BASES.
In testing for the presence of solvent cata lysis , 
the choice o f solvents is  not large,as the substance 
must have a small vapour pressure at 180°C. The 
object was to use a solvent,which would not act 
chemically on the ester. Brom-naphthalene seemed 
to be suitable. (B.P. 277°C) I t  was mixed with an 
equal quantity of the ethoxy compound and the mixture 
decomposed in the same type o f reaction-tube as before. 
The results are shown in table 4, p. 2,8.
-4
Experiment XXIX: Average3i=155.1 x 10
An earlie r  experiment with brom-naphthalene gave 
158 while,with the isomeric <* and ¡3 methyl-naphthyl 
ethers the results were 158 and 153 respectively .
(see summary, Table 9, p. 33 . ) The average of these 
values is  about ten per cent higher than the velocity  
in the case o f the pure substance. The effect,  




inert solvents o f  this kind exert l i t t l e  catalytic  
influence on the velocity. The small increase, ob­
served, is  probably due to some secondary effect con­
nected with the escape of carbon monoxide from the 
liqu id .
The next question was ionic cata lysis . For this
purpose, admixtures o f 5 -  10^ o f the weak acids,
benzoic and sa lioy lic , were tried, without result.
Concentrated sulphuric acid was not feasib le  as, at 
o180 C, charring would inevitably occur. The a lte r ­
native was gaseous hydrochloric acid, but,since this 
would soon have been swept away by the carbon dioxide, 
i t  was thought that a stream o f hydrochloric acid gas 
might be used instead of the la tte r . Crystallisation  
of potassium chloride in the nitrometer soon made this 
impossible. The catalyst was therefore introduced 
into the carbon dioxide by a Y -jo in  and in a pro­
portion of about one-fourth. Under these conditions, 
the chloride remained in solution. The results are 
given in table 5, p. Z9 •
-4Experiment XXXIX : Average k = 143.5 x 10
I t  seems, from this resu lt, that addition of H* 
leaves the velocity unaltered. I t  might be argued 
that the carbon dioxide of the stream is  i t s e l f  acting 
as a catalyst and means were, therefore, sought where­
by the reaction could be carried out in it s  absence. /
24.
absence. This was achieved by using a stream o f  
sulphur dioxide. On a f i r s t  t r ia l  potassium sulphite 
was found to c rysta llise  out very easily from the 
a lk a li ,  but this d if f icu lty  was overcome by using, fo r  
absorption, a solution o f potash containing a f a i r  
amount o f carbonate. The result was as follows at 
183.5°.
»4Experiment XXXVIII : Average k = 128 x 10
That this is  not definite evidence fo r  catalysis, 
is  shown by the summary (Table 9 ).  The early experi­
ments with the ethoxy derivative gave two sets of 
results at 183.5°0. One set lay near 125 and the 
second lay near 140. I t  is  thus probable that the 
velocity using sulphur dioxide,is the same as when 
using carbon dioxide.
After examining the influence of these acidic 
bodies, I decided to ascertain whether bases would 
have any more effect. An early experiment, using 
quinoline in the ratio , 1 o f quinoline to 5 o f ester, 
gave the velocity at 183.5° as 125 x lo "4 .
I t  was noticed, at the conclusion of this experiment, 
that the ester was badly charred. Later, caustic 
potash in powder form was added to the ester and the 
velocity of decomposition determined. The results are 
given in table 6, p. 30 •
Experiment XXXV : Average k = 87.8 x 10*“
Here,/
25.
Here, then, the velocity was markedly slower but, again 
the residue in the reaction tube was badly charred.
In addition, the constant does not persist fo r so long 
as in the average experiment, so that a side-reaction  
is  probably taking place.
F inally , there is  the question of whether moisture 
plays any part in the reaction. In experiment XXXII 
water was mixed with the ester to the extent o f 25 per. 
cent., by weight, at the start of the experiment.
The results in table 7, show that, under these circum­
stances, at least, water is  without effect on the 
velocity. Thus any moisture which reaches the ester, 
while the la tte r  is being placed in the reaction-tube, 
can be ignored. The high temperature and the use o f  
thoroughly dry carbon dioxide, rendered i t  l ik e ly  that 
the water had been driven o f f  from the ester very soon. 
In the next experiment, then, the sulphuric acid 
bubblers were omitted and the carbon dioxide was 
therefore saturated with moisture. At the same
temperature as before, the constant was found to be 
-489 x 10 and held good fo r about ha lf the experiment. 
As with caustic potash, the residue was very much 
charred and in view o f the extent of this side-reaction  
i t  is  doubtful i f  any legitimate conclusion can be 
drawn as to the apparent retardation.
The problem of the role ( i f  any) o f water, in
the/
26.
the reaction, was approached from another point o f  
view, by drying the ethoxy ester, very thoroughly, 
fo r  some weeks,over phosphorus pentoxide. I t  was then 
carefu lly  transferred to the reaction-tube and the 
velocity o f decomposition measured as usual. The 
experimental results appear in table 8, p. 32 •
-4Experiment XXXIV : Average k = 121.4 x 10
This resu lt, along with that o f experiment XXXII 
show that, i f  moisture is  necessary fo r  dissociation  
(as Baker!s experiments would lead us to suppose) 
th®n it  is  formed in suffic ient quantity, by a s id e -  
reaction, while the decomposition proceeds.
in the experiments, whose results are given in 
tables 3 to 8, the method was the same throughout.
Two nitrometers were always used. As no special pre­
cautions were taken to remove a ir  from the carbon 
dioxide, the gas collected in the nitrometer generally 
contained about 1-2 cc. o f this impurity. The y ie ld  
o f carbon monoxide was,in most experiments,about 
80 -  90$ o f the theoretical.
Other experiments were made on the subject o f  
the presence of catalysis and the results of these 
have been summarised in table 9. I t  w i l l  be noticed 
that,despite the discrepancies through the group as a 
whole, there is a tendency for experiments performed 
together,to give comparable results. The average 
value of the constant at 183.5°C. omitting experiments 
35 and 36 is  138.9 x 10~4 .
27.
Experiments with ethoxy-oxalacetic ester at 183.5°0.
(Tables 5 to 8)
TABLE 3.
Expt. XL : " Ethoxy" at 185.5°C.
a = 49.6 co j log a = 1.6955 j tQ -  11 h. 0.8 m.
t l V
M.
C X 49.6-x log a/a-x t
4
K x 10
lOh 58m start - - - - - -
11.2 3.6 0.55 3.05 46.55 .0275 1 . 2 (229 )
. 6 9.0 1 . 0 8.0 41.6 .0764 5.2 (147)
.9 12.9 1.35 11.55 38.05 .1151 8.2 140.2
.12 16.6 1 . 6 15.0 34.6 .1564 11.2 140.0
.15 20.1 1.85 18.25 31.35 .199 14.2 140.5
.18 23.4 1.95 21.45 28.15 .246 17.2 143.0
.21 26.3 2.15 24.15 25.45 .290 20.2 143.5
.25 29.7 2.3 27.4 22.2 .349 24.2 144.5
.30 33.4 2.5 30.9 18.7 .424 29.2 145.0
.35 36.4 2.6 33.8 15.8 .497 34.2 145.5
.40 38.8 2.65 36 .15 13.45 .567 39.2 144.5
.45 40.8 2.7 38.1 11.5 .635 44.2 143.5
.53 43.3 2.7 40.6 9.0 .741 52.2 142.0
1 2 . 1 44.9 2.75 42.15 7.45 .823 60.2 (137)
.12 46.4 2.75 43.65 5.95 .921 71.2 (130)




+ 4.1 49 . 6
-4
Average : k = 142.9 x 10
*  Corrections not made from table 1 (see also table 4 .)
TABLE 4»
Expt. XXIX î "Ethoxy1 in hrom-naphthalene.
a = 22.8 ; log  a = 1.3579 j tQ = 11 h. 0 m.
*1 V
*
c X 22.S-X a/a_x t
4
K X 10
10.55 sta rt - - - - - -
11.3 3.1 0 . 2 2.9 19.9 .0587 3 (196)
.6 5.0 .35 4.65 18.15 .0990 6 (165)
.1 0 7.3 .55 6.75 16.05 .1525 10 152.5
.15 1 0 .0 .75 9.25 13.55 .226 15 150.5
.20 12.45 .95 11.5 11.3 .305 20 152.5
.25 14.5 1 . 1 13.4 9.4 .385 25 154
.31 16.55 1.25 15.3 7.5 .483 31 156
.40 18.8 1.35 17.45 5.35 .630 40 157.5
• CJl CO 20.7 1.45 19.25 3.55 - .808 52 155
1 2 .8 2 2 .0 1.5 20.5 2.3 .996 68 147
1 . 1 1 23.4 1 . 6 2 1 . 8 1 .0 1.358 131 (104)
Second 
n it  rom1*. 
OO
+ 1 . 0 2 2 .8
Average : k = 155.1 x 10
Expt. XXXIX ; “Ethoxy«, with HOI in  00c>.
TABLE 5.
a = 44.65 + 3.95 = 48.6 cc j lo ga = 1.6866 j tQ = 11 h.36.3 m.
^1 V c X 48.6-x
a ilog  /a-x t 4K x 10
l lh  34m start - - - - - -
.41 8 .6 1 . 0 7.6 41.0 0.0738 4.7 (157)
.44 12.5 1.3 1 1 . 2 37.4 .1137 7.7 (147.5)
.47 16.0 1.55 14.45 34.15 .1532 10.7 143.
.50 19.4 1 . 8 17.6 31.0 .1952 13.7 142.5
.53 22.4 1.9 20.5 28.1 .238 16 .7 142.5
.56 25.3 2 . 1 23.2 25.4 .282 19.7 143.
1 2 . 0 28.7 2.25 26.45 22.15 .341 23.7 143.5
.6 33.0 2.3 30.7 17.9 .434 29.7 146.
.1 0 35.3 2.55 32.75 15.85 .486 33.7 144.
.15 37.7 2 .6 35.1 13.5 .556 38.7 143.5
.2 0 39.65 2.65 37.0 1 1 . 6 .622 43.7 142.
.30 42.4 2.7 39.7 8.9 .737 53.7 (137)
.40 44.25 2.75 41.5 7.1 .835 63.7 (131)





-4Average : k = 145.5 x 10
30.
TABLE 6 .
Exp t . XXXV ï " Ethoxy”, with KQH added.
a = 21.25 + 3.95 = 25.2 oo j log  a = 1.4014 ; t0 = 12 h 0.5 m.
t l V c X 25.2-x log a/a-x t
4
K X 10
12.3 sta rt - - - - - -
• 9 4.7 0.65 4.05 21.15 0.0761 8.5 89.6
.13 6.55 • 8 5.75 19.45 .1125 12.5 90.0
.17 8.3 .95 7.35 17.85 .1408 16.5 91.0
.2 0 9.45 1.05 8.40 16.8 .1761 19.5 90.4
.2 0 11.5 1 . 2 10.3 14.9 .228 25.5 89.5
.33 13.4 1.4 1 2 .0 13.2 .281 32.5 86.4
. 38 14.55 1.45 13.1 1 2 . 1 .319 37.5 85.1
.47 16.15 1 .6 14.55 10.65 .374 46.5 80.5
1.5 17.95 1.7 10.25 8.95 .450 64.5 (70)
.27 19.2 1 . 8 17.4 7.8 .509 86.5 (59 )





„4Average : k = 87.8 x 10
Expt. XXXII : “Ethoxy", with water added.
TABLE 7.
a = 32.9 + 1.7 = 34.6 ,* log a = 1.5391 j tQ = 12 h. 7 m.
h V c X 34.6~x log  a/a-x t K x 104
12.3 sta rt ~ - - - - -
.9 3.2 0.5 2.7 31.9 0.0353 2 (176.5)
.1 2 5.4 .7 4.7 29 .9 .0634 5 126.8
.15 7.9 .9 7.0 27.6 .0982 8 1 2 2 .8
.2 0 11.85 1.25 1 0 .6 24.0 .1589 13 122.3
.25 15.4 1.5 13.9 20.7 .223 18 124.0
.30 18.45 1.75 16.7 17.9 .286 23 124.4
.35 2 1 . 0 1.85 19 .15 15.45 .350 28 125.0
.40 23.2 1.95 21.25 13.35 .414 33 125.5
.59 28.9 2.3 26.6 8 .0 .636 52 122.3
1.15 31.3 2.4 28.9 5.7 .783 68 (115)
2 .2 0 34.35 2.5 31.85 2.75 1 .1 0 0 133 (83)




+ 1.7 3*h *6
-4Average : k = 124.1 x 10
TABLE 8.
Expt. XXXIV : t!Ethoxy" : previously dried over PpQ^.
a = 23.9 + 1.8 = 25.7 oo j lo g  a = 1.4099 j tQ = 11 h. 20 m.
t l V c X 25.7-x
a  /
l e g  /a-x t 4K x 10
11.17 start - - - - - -
.23 2 . 8 0.5 2.3 23.4 0.0407 3 (136)
.26 4.65 0.65 4.0 21.7 .0734 6 122.3
.30 7.05 0.85 8 . 2 19.5 .1199 10 119.9
.36 10.4 1 . 1 9.3 16.4 .195 16 121.9
.40 12.35 1.3 11.05 14.65 .244 20 1 2 2 .0
.45 14.45 1.45 13.0 12.7 .306 25 122.4
* Ol o 16.25 1 .6 14.65 11.05 .387 30 122.3
12 noon 18.85 1.75 17.1 8 .6 .475 40 118.8






+ 1 . 8
2 . 1 23.9 1 . 8 1.155 252
Average : k = 121.4 x 10
-4
TABLE 9.
Summary o f  F irs t  Experiments with Ethoxy-oxalacetic E ster.





Benzoic acid . mol. 124
XIV Q u ino lin e . *
10
mol. 125
XV - - 127
XXII £ Naphthyl-methyl ether. 3 : 2 153
XXIII Oi If It H 1 : 1 158
XXIV
At 183.5°C. 
Brom-naphthalene. 1 : 1 158
XXV - mm 143
XXVII am - 141
XXVIII - - 141.8
XXIX Brom-naphthalene. 1 Î 1 . 2 153.1
XXXII Water. 1 : 4 124.1
XXXIV Ester dried  over P .̂O,-.<0 o - 121.4
XXXVI Moist C02 stream. * - (39 )
XXXV Powdered KOH. # mol.5 (87.8)
XXXVIII Sulphur dioxide stream. mm 128
XXXIX HC1 in  C0.g stream. - 143.3
XL - - 142.9




(Interm ittent stream o f carbon d ioxide )
We can in fe r  from these re su lts ,th a t there is  no 
evidence fo r  a pos itive  c a ta ly tic  in fluence in  th is  
reaction , fo r ,  in  no case, has the velocity  been 
markedly increased. Where i t  is  decidedly le ss  we 
f in d  the primary reaction  accompanied by a profound 
s ide -reaction . I t  has, however, been possib le  to 
show the phenomenon o f ^ n t ic a ta ly s js  *.
The discovery was made when I  was trying to re ­
duce the amount o f a i r ,  introduced into the co llected  
gas. This problem was attacked by using a special type 
o f K ipp’ s apparatus -  to be described la te r  -  and also  
by reducing the amount o f carbon dioxide used. I t  
was supposed, that, by reducing the number o f  readings 
and by using the stream o f carbon dioxide fo r  only a 
short time , (2 minutes in  fa c t ) before each reading, 
that the ve loc ity  measured should be the same.
However tab le  10, p .38» shows the type o f re su lt  that
was obtained in  th is  way, again using the ethoxy com- 
o
pound at 183.5 C.
-4
Experiment LXV : Average k = 89 x 10
At f i r s t ,  the low value was a ttribu ted  to im­
pu rity  in  the substance but when the ester was re ­




then noticed that the reaction-tube used in LXV had
th icker w a lls  than previously , which suggested that
fa u lty  heat conduction might be responsible fo r the
discrepancy. A reaction-tube with two platinum wire
in fusions was then employed but with same re su lt .
However, when a continuous stream o f carbon dioxide
was t r ied  once more, i t  became evident that th is  was
-4at the root o f  matter fo r the value 158»2 x 10
as in  tab le  9, was again obtained. The fo llow ing are
the re su lts  o f f iv e  experiments using the method o f
-4
LXV LX} 82.0 x 10 , LXIj 94.8, LXV} 89.0,
LXVTI} 85.4, LXVIII} 95.4.
-4
Average 89.4 x 10 
In  these experiments, the o r ig in a l object was in  part 
a tta in ed ,fo r  the volume o f n itrogen, measured at the 
conclusion, was genera lly  about 0.5 cc.
The exact nature o f  th is phenomenon is  not at 
once evident, in  the f i r s t  p lace, i t  should be 
pointed out, that the retardation  in  ve locity  is  rea l 
and not simply apparent} fo r  i t  might be supposed, 
that in  two minutes, a l l  the carbon monoxide which 
had co llected  in  the so lu tion , would not be completely 
swept out. Thu3 the measurements would lag  behind the 
re a l state  o f the reaction . Now, th is was not the 
case, fo r  i t  was obvious, in  making the readings, that 
the accumulated carbon monoxide was driven from the 
l iq u id  in  about 30 seconds. There are three possib le  
" exp lanations":/
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“explanations“ : ( 1 ) I t  is  conceivable that the a g ita ­
tion  o f the esters by the stream o f  gas, helps the 
reaction  by providing a b ig  e ffec tiv e  surface.
(S ) The change may be rev e rs ib le . (3 ) The carbon 
monoxide may act as an "an ticata ly st" towards the 
reaction .
The im probability o f  r e v e r s ib i l it y  in  this re ­
action , was shown as fo llow s: Some pure methyl malonic
o
ester (B#P. 193 0 . )  was placed in  the bulb A o f  a 
tube, shaped as in  diagram 3,pglla. The bulb B con­
tained about •§• gm. o f a mixture o f 2 parts o f con­
centrated sulphuric acid  with 1 o f formic acid.
The whole was evacuated, with a Gaede pump, and sealed  
o f f  at C* The fo rn ic  acid  mixture was then warmed 
with a bunsen f la m e ,t i l l  no more gas was evolved.
A fte r  bulb A had been heated fo r  several hours in  a 
bath at 170°0.,the apparatus was l e f t  at room tempera­
ture fo r  a fo rtn igh t . The tube was opened, the ester 
disso lved  in  alcohol and treated with fe r r ic  ch loride. 
There was no trace o f  the w ine-red colour, character­
i s t i c  o f  methyl oxa lacetic  ester.
The question o f hypotheses (1 ) and (3 ) w i l l  be 
dealt with la t e r .  Meanwhile, before leaving th is  
“ slow“ re a c t io n ,it  should be mentioned that an experi­
ment with the same method was carried  out with the
-4ethoxy compound, at 173°Cj here k was 20.9 x 10 .
This means, in  the Arrhenius formula, a temperature 
co e ffic ien t/
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co e ffic ien t  o f 55,600 ca ls . which is  exceptionally  
la rg e .
Further,the decomposition o f oxal-propion ic ester
was investigated , by the same means, with the resu lt
shown in  Graph H  , (Expt. LXXXVI) pg38a.
a/Here the values o f log  'a -x  increase rap id ly  with 
regard to t . This means that the rate  o f  reaction, 
as measured by the unimolecular constant, is  getting  
fa s te r  and fa s te r  as the experiment proceeds. This 
i s  what we should expect, i f  the carbon monoxide acts 
as an an t ic a ta ly s t .
In tab le  11, p. 39, the resu lts  o f  th is experiment 
are given, the readings being taken with the KOH 
so lu tion  le v e lle d , as in  table  10. In the la s t
x /
column, the values o f '  t have been calculated and 
appear p ra c t ic a lly  constant. This means that fo r  
almost the whole experiment, carbon monoxide is  
lib e ra ted  at a constant speed. The sign ificance o f  
th is  re su lt  w i l l  be discussed la te r .
(Tables 10 and 11.)
Expt. LXV : ^Ethoxy" at 185.5°C, with interm ittent
Stream o f  OOo (2 minutes before each reading.)
TABLE 10.
a = 44.3 ; lo g  a = 1.6464 j t = 2 h. 14 m.
H V  * x = (v -0 . 2 ) 44.3 -  x i a /log 'a - x t K x 104
2 . 2 sta rt — _ — —
.15 3.5 3.3 41.0 0.0336 1 (336)
.28 1 1 . 1 10.9 33.4 .1227 14 87.8
.44 19.4 19.2 25.1 .247 30 82.2
3.11 30.5 30.3 14.0 .500 57 87.9
.39 38.0 37.8 6.5 .833 85 98.0
oo 44.5 44.3
-4
Average : k = §9.0 x 10
(# The liq u id  in  the nitrometer was le v e lle d , before taking 
these readings, and v has therefore to be corrected  
only fo r  the error in  the graduation .)
GRAPH
(.-INTERMITTEUTOXALPRORIOmCE x p t . e x o t
TABLE 11
Expt. LXXXVI : Oxalpropionio ester, at 160°0 
with interm ittent stream o f COg»
758
a = 763 x 26.6 = 26.4 co ; log a = 1.4216 ; Take to = lOh. 45 m.
(Atmos. Press. = 763 ram.)
*1
V  * X 26• 4-x a  /  ^ a - x t S / t
10.41 s t a r t - - - - -
.56 1.3 1 . 1 25.3 .0185 v 11 0 . 1 0 0
1 1 . 1 1 2.4 2 . 2 24.2 .0378 26 .085
.28 4.3 4.1 22.3 .0733 43 .095
1 2 .0 7.7 7.5 18.9 .145 75 .1 0 0
.32 11.4 11.15 15.25 .2.38 107 .104
1.13 16.2 15.95 10.45 .402 148 .108
2 . 1 1 21.3 2 1 . 1 5.3 .697 206 .1 0 2







1 . 1  
(758 mm. )
1*380 388
Average : k = 0.097
DIAGRAM
VELOCITY DETERMINATION WITHOUT CARBON DIOXIDE STREAM.
In  the experiments described a lready,a stream o f
gas has always been used, to take the carbon monoxide
out o f the so lution . The question arises -  w i l l  the 
monoxide
carbonAbe formed at the same rate , i f  we allow i t  to 
escape from the solution  under i t s  own pressure?
We may an tic ipate  that, where a gas is  formed in  a 
l iq u id , a f a i r ly  high degree o f supersaturation w il l  
be necessary, before  bubbles appear. Beyond this 
point, however, the concentration o f carbon monoxide 
in  the liq u id  w i l l  remain constant and the evolved 
gas should, then, g ive a measure o f the rate o f  
decomposition as, fo r  instance does the nitrogen, 
from aqueous solutions o f diazonium sa lts . Further, 
i f  Perrin  is  correct in  assuming that the molecule 
in  a unimolecular decomposition, ’explodes’ without 
reference to i t s  neighbours, then we should expect the 
ra te , measured in  th is way, to be the same as when 
carbon dioxide is  used. I t  is  true that the resu lts , 
ju st quoted, lead to a d iffe ren t expectation and, 
in  fa c t , make i t  doubtful whether the unimolecular 
law w i l l  be fo llow ed.
The apparatus used is  shown in  diagrams 4* and 5 • 
In  essence, th is apparatus depends on the same 
p rin c ip le  as the victor-Meyer method o f determining 
molecular/
40a*
DIAGRAM 7. D IA G R A M  6,
molecular weights. The ester in  the foot o f  the tube 
b , i s  kept at the temperature o f  the bath, while the 
gas evolved (mixed with the small volume o f a ir ,  
present in  the apparatus at the outset) is  measured at 
atmospheric temperature and pressure in  the gas burette  
£. The dead space in  the apparatus was kept as small 
as possib le , as shown by the closed tube d, used as a 
stopper, and by using narrow g lass and rubber tubing 
fo r  the connection to the gas burette.
I t  was soon evident, that no measurements o f  value 
could be obtained, unless the ester were kept in  con­
stant motion. The high temperature o f  the bath and 
consequent necessity o f keeping the in ternal volume 
sm all, made the use o f a s t i r r e r  im practicable. The 
tube was, however, kept in  rap id  ag itation  by the 
shaking device shown in  the diagram. The tube was 
fix ed , by means o f a brass clamp, to a horizontal axle  
(e ) and was thus free  to swing, pendulum-fashion, in  
a plane,perpendicular to the d irection  o f the s id e -  
tube. The motion was conveyed to the tube from a 
rotating  v e rtica l shaft ( g ) by means o f the rod ( f ).  
The tube passed through a su itab ly  shaped hole in  
the l i d  o f the bath, and carried  a h eat-sh ie ld  o f  
asbestos board ( "h ) , which just grazed the l i d  when the 
shaker was in  action. The rate was about one complete 
swing per second.





the ethoxy derivative  at 190 C. In  making the 
calcu lations, the gas evolved during the f i r s t  h a l f -  
hour was ignored. On calcu lating  the values o f
log  a/a-x , i t  was at once evident that the velocityU owas s t r ic t ly  unim olecular. At 190 , however, the
average velocity  was 151 x 10 (Expt. XVI),which shows
that the reaction , under these circumstances, i s  much
slower than normally. A previous, and lo ss  accurate,
-4
experiment gave k = 140 x 10
The method was also used with oxalpropionic ester  
and as the re su lts  in  th is case can be used to fin d  
the temperature variation  o f the constant, the ex­
periment is  tabulated in  f u l l .  (See tab le  12, p .4*4«)
The f i r s t  part was done with the bath at 160°C. and 
the la t te r  part at 170°C. In th is experiment the 
tube at b was f i l l e d  with small pieces o f pumice -  
with the object o f exposing as la rge  a surface o f  the 
ester as p ossib le .
As be fo re , we see that the retardation  is  very 
marked (C f. Table 19), but the unimolecular law is  
certain ly  obeyed. The temperature coe ffic ien t is  
about 4.5 fo r  a 10° r is e  or 61,200 o a ls . This is  
exceptionally la rge , being nearly twice the true 
chemical heat o f  activation .
I t  w i l l  be remembered that one o f  the hypotheses 
brought forward to explain  what was ca lled  the "slow '1 
reaction , was, that the surface exposed had some 
e ffe c t/
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e ffec t  on the constant measured. The re su lt  just 
given, shows that we cannot obtain the normal constant 
by exposing a la rge  surface even with v io len t shaking. 
Another experiment, suggested by th is theory,was per­
formed with the methyl derivative . The ordinary  
carbon dioxide method was used but the bulbs o f the 
reaction-tube were h a l f - f i l l e d  with pieces o f pumice, 
before introducing the substance. These sucked up 
the ester lik e  a sponge, and enabled i t  to present a 
much larger surface, than usual, to the stream o f
carbon dioxide. The velocity  was again unimolecular
»4and had the average value 71.2 x 10 . (Expt. LXXXVTII) 
oat 160 0. The average o f  two normal experiments at 
160° (see tab le  2 1 ), is  80.2 and i t  is  thus evident 




Expt. XCIX ; Qxalpropionio eater, without OOp stream.
At 100. —  0 ™0 C : Calculate from 12 h. 40 m. as zero time •
a — 38 *6 cc (4!L.8  -  3 .2 )j log a = 1.58 66 ; tQ = 12 h. 40 m.
t l V (41 .8 -v )
a /
log /a -x t 4K x 10
12.40 3.2 - - ( t x -  12h 40) -
1 .2 0 4.2 37.6 .0114 40 2.85
2.51 6 .6 35.2 .0401 131 3.06
4.10 7.9 33.9 .0564 210 2.69
5.7 8 .8 33.0 .0681 267 2.55
7.14 11.4 30.4 .1037 394 2.63
9.12 14.1 27.7 .144 512 2.82
(10.45 Tamp ra ised  to 170°C ) Average i 2.77 x 10
At 170° : Calculate from 11 h. 50 m. as zero time.
a = 2 2 «>8 cc (41.8 “■ 19.0 ) ; log a = 1 . 3579 i t0 = 11 h. 50 m.
11.50 19.0 2 2 .8 - (t.i -  l lh  50 ) -
12.43 22.3 19.5 .0679 53 1 2 .8
2.31 27.6 14.2 .2056 161 1 2 .8
4.20 31.6 1 0 .2 .349 270 12.9
6.45 35.2 6 .6 .538 415 13.0
7.52 36.5 5.3 .634 482 13.2
oo 41.8 - - - -
-4
Average ; 12.94 x 10
(N.B. Values o f v subject only to a constant d ifference e r ro r ).
EXPERIMENTAL PROCEDURE IN LATER MEASUREMENTS.
In using the stream method ,to determine the 
temperature coe ffic ien t fo r th is  reaction with accuracy, 
some consideration was given to improving the method 
o f working. The main weaknesses o f the experiments 
already described w e re ; ( l )  Risk o f  d is t i l la t io n  o f 
ester, i f  stream o f gas were too strong. (2 ) Variation  
in  temperature o f co llected  gas. (3 ) Presence o f  
comparatively la rge  amounts o f a ir  in  the carbon d i­
oxide and (4 ) Im purities in  the ethoxy-ester.
(1) In  la te r  experiments the design o f the reac tion - 
tube was changed somewhat, as a resu lt o f successive 
improvements, and the f in a l  form is  shown in  diagram 
6,pg-40a. The bend at a , served to prevent the 
liq u id  from spurting up the condenser and allowed the 
use o f a very small opening in  the l i d  o f the bath.
The upright tube a  b was lengthened to 6-§- inches 
and round i t  was f it t e d  a water-condenser o f  rubber- 
tubing. The advantage o f  th is lay  in  the ease with 
which i t  could be a ffix ed , where a g lass condenser 
would be out o f the question. When a stream o f tap 
water was passing through th is condenser,it was easy 
to adjust the rate  o f  carbon dioxide so that no 
droplets o f liq u id  appeared on the exposed g lass at 
b . In case a l i t t l e  malonic ester did pass the con­
denser/
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condenser, an e ffec tive  trap was provided on the 
cap illa ry  leading tube at (c ) .  This was o f small 
volume and so designed that the carbon dioxide would 
constantly sweep through i t .  In most experiments, the 
amount o f liq u id  co llec tin g  here was n e g lig ib le , com­
pared with the amount o f ester used.
The reaction-tube was connected by pressure  
tubing to the cap illa ry  leading-tube and that» in  turn, 
to the in le t  tube o f the nitrometer. This in le t ,  
sp ec ia lly  fused on, was a lso  o f  c ap illa ry  tubing.
Under these circumstances, the volume o f the system 
from the surface of the ester to the mercury o f the 
nitrometer could not have been more than 0.5 cc. -
1 . 0  cc.
With regard to (2 ),  a water-jacket was f it t e d  
round the upper h a lf  o f the nitrometer and through i t ,  
a stream o f tap-water passed, during the experiment.
The temperature o f th is  water did not vary more than 
h a lf  a degree -  which is  su ff ic ie n t ly  constant fo r  
our purpose. A thermometer was placed in  the jacket.
In  these experiments, too, a special type o f  
bubbler (shown in  diagram 7,p£4oa) was used -  fo r  washing 
the carbon dioxide. This had the advantage o f  being 
small in  volume and o f such a shape, that a ir  could be 
washed out from i t ,  in  a very short time. No per­
manganate was used.
(3)./
D I A G R A M  8 .
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(3 ) The carbon dioxide was obtained from a specia l 
type o f Kipp-s apparatus, shown in  diagram 8 ,(opp.). 
Before charging th is apparatus, the marble and hydro­
ch loric  acid  -  both o f which contain a considerable  
amount o f a i r  -  were sp ec ia lly  treated . The marble 
was f i r s t  washed with water, d ilu te  hydrochloric acid  
and again with water. I t  was then heated fo r  twenty- 
fou r hours, on the steam bath,under the suction o f the 
water pump (10 mm. H g .).  At the end o f th is time, 
before admitting a i r ,  fre sh ly -b o ile d  d is t i l le d  water 
was run into the d ie t i l l in g - f la s k ,u n t i l  the marble 
was covered. The lower section o f  the Kipp (to the 
neck A ) was now f i l l e d  with 1 : 1 hydrochloric acid , 
which was freed  from a ir  by dropping in  two o r three  
pieces o f marble. The cooled, prepared, marble was 
now introduced to the centre bulb and the ou tlet o f  
the three-way tap B, closed. Then the upper bulb was 
more than h a l f - f i l l e d  with acid  -  which was a lso  
washed free  from a ir ,  by p lacing a nut o f  marble in  
the neck G.
The effectiveness o f th is apparatus depends on
two p rin c ip le s . (a ) The passage B G I  P allows
carbon dioxide to pass> from the middle bulb to the
top one, and thus an atmosphere o f  th is gas may be
maintained above the acid . ( b ) The ou tlet tube J
and trap K allow  carbon dioxide to escape but at the
same time,prevent a i r  from entering. I f  the cock I
be opened, the acid w i l l  f a l l  into the lower chamber 
and/
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and carbon dioxide w i l l  pass into the top bu lb . When
the acid  has reached the marble, the tap I is  closed
and the gas formed forces the acid  back into the upper
bu lb , at the same time, d riv ing  the gas above out into
the a ir ,v ia  P J K.
i tition of
By repeatin g  these two processes many times, the 
air,rem aining in  the apparatus a fte r  charging, was 
removed. A fte r  being washed out in  th is way, the
apparatus stood fo r  a day,before using. The carbon
dioxide was then allowed to issue stead ily  fo r  an 
hour,while the tap I  was opened occasionally . I f  
the gas gave bubbles 0 . 1  mm. in  diameter when passed 
into caustic potash ,it was considered ready fo r  use. 
The tubes D, E and P were connected to the apparatus
by ground-glass jo in s , and the junction B -  G was
made by rubber tubing. The tube E was used fo r  
getting r id  o f spent acid , from the bottom o f the 
apparatus, without admitting a i r .
In order to elim inate any remaining oxygen from 
the gas, a straight tube, containing small pieces o f  
moist phosphorus, was inserted  between the "Kipp” and 
the bubblers. The phosphorus tr io x id e , formed here, 
would be absorbed by the bicarbonate.
The thermometer used in  the o il-b a th  was c a l i ­
brated and found accurate to 0 . 1° 0 .
40.
Before going on to enumerate the re su lts , i t  w i l l  
be in structive  to consider how the various erro rs o f
t
method and observation are l ik e ly  to in fluence the con­
stant obtained. I f  we wish to determine the erro r, 
produced in  the calculated quantity k , by a certain  
error in  on© o f the measurements, we must d iffe re n t ­
ia te  the expression fo r  k , p a r t ia l ly ,  with regard  
to the variab le  in  question. The function thus 
obtained is  the ra tio  of the derived error in  k , 
to the error in  the v a riab le . (This method has a l ­
ready been applied  by Rice & K ilp atrick , (J. Amer.
C.S. 45, 1401) to the case o f  a bim olecular reaction  
measured by t it ra t io n  methods).
Error in  x.
T h u s  i f  w e  d i f f e r e n t i a t e  p a r t i a l  l y  
1 a  /ke = ■£■ lo g e 'a - x  9 with regard to x, we have
*Ke - f 1 _ 1_
3x t (a- x )
From what has been sa id , we may assume that the error
in  x is  o f the order of 0.1 cc. (= A  x ) .  In the
fo llow ing tab le , the values o f x and t from an
actual experiment, are given. The average value o f
k was 0.0146, using lo g s , to base 10 i . e .
kQ = 2.3 x .0146. In the fourth  column, instead o f
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error corresponding to an error of 0.1 in x.
For comparison the frac tio n a l e rro r in  x x ) 
also given.





14.2 11 31.2 0.87$ 0.7$




We may conclude from th is , that accuracy o f k 
w i l l  not he a ffected  by more than 1$, on account of 
the error in  x.
Error in  t .
When we come to consider the systematic
error in  t , we find  that i t s  e ffe c t  on the value o f
the constant can also be neglected. By the method o f
working employed, the error in  t should not be more
than 5 secs = 0.05 min.
1 a /
D iffe ren tia tin g  log  /a-x p a r t ia l ly  with  
regard to t , we have:
a  k = -  1 « log  a/a-x . A k = -  £  . a  tt
i . e .  A k  _  _ A t  _  »05 a fte r  ten minutes
k £ 10 i . e .  0.5$
As the error in  k due to t , thus varies
inversely  as t , i t  w i l l  become le s s  and le s s  as the
experiment proceeds.
51
The ch ie f fac to r causing an erro r in  a 
w i l l  he the presence o f  a ir  in  the carbon dioxide.
In the experiment used fo r  ca lcu lation  already, where
Error In a.
a = 45.5 cc » le t us assume that the a ir  is  present to
the extent of 1 c c . , i . e .  about 2% error in  a.
k 10
— ®434 lo s  _ a _  t s e a -x
i . e i£ io — •434 ( I  -  - L - )  = _ •434 x
de. t i a a -x/ at (a -x )
Using the same experimental re su lts • ^10 = .0146»
t X (a -x )
.434 x 
at (a -x )
A k 10 , A
kio a ~ c
11 14.3 31.2 .00040 2.7^
21 23.0 22.5 46 3.1
31 29.7 15.8 58 4.0
38 33.0 12.4 67 4.6




Thus, on the average, the frac tio n a l error pro­
duced in  the constant is  twice that o r ig in a lly  present 
in  a. The calcu lation  enables us to see why com­
parative ly  la rge  amounts of a i r , in  the early  experi­
ments, do not in te rfe re  very seriously  with the tru st­
worthiness o f  the constant, e spec ia lly  when we take 
into account the argument» already put forward, fo r  
not correcting the values o f x fo r  a i r .  In  la t e r  
experiments/
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experiments the amount o f nitrogen measured afterwards 
was o f the order o f 0*5 cc. and in  this case the 
derived error in  the constant w i l l  be nearer 2%.
TEMPERATURE COEFFICIENTS.
OXALACETIC ESTER.
W islicenus was ab le , by very care fu l heating, 
to convert th is ester la rg e ly  into malonic ester and 
carbon monoxide. (Ber. 27_, 792). Normally, however, 
he found that another type o f reaction  proceeded
simultaneouly -  as already described. I t  was hoped■
here, in  sp ite  o f the la t te r  s ide -reaction , to measure 
the ve locity  with su ffic ien t  accuracy to detem ine the 
temperature c o e ffic ien t .
An e:xperiment was f i r s t  performed to obtain  an 
estimate, as to the extent o f the s ide -reaction . Our 
preparation was fre sh ly  d is t i l le d  and decomposed at 
175°0. The residue at the f in is h  was an extremely 
viscous o i l ,  lik e  that obtained on r e d is t i l la t io n ,  
and the y ie ld  o f  carbon monoxide was le ss  than one- 
h a lf  o f  the theoretica l*
A ve loc ity  determination was then carr ied  out at 
165*0°C, by the method ju st described in  d eta il*
The resu lts  are shown in  tab le  13, p. 61 .
I t /
I t  is  quite certa in  from these, that, even though the 
side -reaction  is  so marked, the carbon-monoxide de­
composition is  again unim olecular. A f a i r  amount o f  
liq u id  d is t i l le d  in  the course o f  the experiment -  
probably pyruvic ester and a lcohol.
In view o f the extent o f  the condensation re ­
action, in  the case o f th is  substance, i t  was decided 
not to measure the temperature varia tion  o f the constant.
ETHOXY-OXALACETIC ESTER.
The experiments, carried  out with th is ester, in
order to determine the e ffe c t  o f temperature, f a l l
into two groups. In the f i r s t ,  the ve locity  was
measured at in te rva ls  o f 5° in  the region between 173°
and 198°, prim arily  with the ob ject o f testing  the
truth o f the Arrhenius law. Here, the experimental
procedure was s t i l l  in  course o f  development, and i t
was not su rp ris in g , on repeating the measurements by
the more accurate method, that d ifferences were found
(pag-es 6X163)
at higher temperatures. The resu lts  o f the two sets
A
o f experiments are tabulated in  tab le  16. pgT5.
On in tegrating the Arrhenius equation:
(lo g . K) = ^ 2  ( 1 ) we obtain
Thus, i f  th is law is  fo llowed there should be a lin ea r  
re la tion  between lo g i0K and V t . These two 
quantities/
quantities are p lo tted  in  Graph W, pg74a.- K being the 
average value fo r  the temperature T (see tab le  16).
Except at the higher temperatures, the points l i e  
close to a stra igh t lin e  and we may conclude that the 
Arrhenius law is  fo llow ed. The discrepancy o f  the 
values at 193° and 198°0. is  probably connected with  
the disturbing secondary reaction . The points corres­
ponding are therefore ignored in  ca lcu lating  the 
temperature c o e ffic ien t .
I f  the Arrhenius equation be integrated between 
temperatures T j and Tg we have
-i _ _ Ki _Q_ T, - T g , *
g l°  K2 -  2.3 R T,T, (5 )
Using the values (2 ) and (4 ) , (which l i e  close to the
lin e  on the graph) with th is equation, and value (3 )
in  equation (2 ) we obtain  :
( Q = 35,800 cals
(
( B = 13.94 .
The exact method of ca lcu lation  w i l l  be i l l u s ­
trated  la te r  with oxalpropionic ester.
0XALPR0PI0NIC AND 0XALSU0CINIC ESTERS.
The experiments with these compounds -  likew ise  
with the phenyl derivative  -  were ca rried  out by the 
la te r  method as described on p. 45 . The p rin c ip le
was adopted, o f repeating the measurement at each 
temperature/
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temperature u n t il two re su lts  in  good agreement, were
obtained. Of the two experiments, only one at each
temperature is  given in  f u l l  in  the tab les 17 to 24.
The second resu lt  is  given along with th is in  the 
(pgs-76 l 7 7 )
tables 21 and 215*,which summarise a l l  the ve locity  
determinations with the two compounds. In these 
tab les , are also given, the data necessary fo r  graph­
ic a l ly  testing  the law of Arrhenius: i . e .  1/ t and
4 are
loglO (K x 10 ) ,  whose va lu esAp lotted  in  the two
graphsV(pg.74^andVTipg. 76aJ. For th is purpose o f  course,
the ve loc ity  must be known a t , at le a s t , three d i f ­
ferent temperatures.
In a l l  the experim ents,it appears that the uni- 
molecular lav/ is  a very good approximation to the 
truth. In  fa c t ,  with both substances the agreement 
at the end o f the experiment, is  d is t in c t ly  be tte r  
than in  the case o f  ethoxy-oxalacetic ester. Further, 
there is  no doubt from the graphs but that the 
Arrhenius law holds good. The values o f Q and B 
in  th is case were found to be -
Oxal-propionic : Q = 33,300 c a l3 , B = 13.36 )
" succinic : Q = 35,400 " , B = 14.30 )
-  not fa r  removed from those fo r  the ethoxy compound.
The ca lcu lation  was as fo llow s fo r  oxalpropionic  
ester:
The graph shows that the po in ts, represented by 
the average values o f K , at 150° and 165°, l i e  on 
the/
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the stra igh t lin e . These are given at the foot-o-f  
table  21.
Now Q = R Tg (lo g 10K1 -  logip  g 2^ 2 »502-
<*1 “ Ts)
m
= 1.985 x 458 x 425 x 0.592 x 2.505 _  55.500 eals
15.0
For exalsuccinic ester, the average values at 150° 
and 170° were used in  the same way. (Table 25).
To ca lcu late  B_ , we use th is value o f  Q along  
with the average absolute value o f K at 165°C.
Now K is  expressed in  minutes 1 and logarithms to 
the base 10. i . e .
K , = H 9 .5  x 2.5 x 10 = 4,66.
loglO abs 60
Q — 55,500 _  -I & riq
2.5 RT 2.502 x 1.985 x 458
how from (2 ) above
B = 16.70 -t 4.66 = . 15.56
B’or oxalsuccin ic e ste r, the average value o f K 
at 170° was used in  exactly  the same way.
PHENYL0XALA0ETIC ESTER.
In  the section devoted to preparation, i t  has 
been mentioned that great d i f f ic u lt y  was experienced 
in  d is t i l l in g  th is  substance. The d is t i l la t e ,  obtained  
with/
during the heating, that i t  contained only 28 per cent
o f the substance -  the re s t  being phenyl malonic ester,
formed by lo ss  o f carbon monoxide. This preparation
o
was used fo r  a ve loc ity  determination at 160 0 and 
found to obey the f i r s t  order law ,w ith great accuracy 
(see tab le  28 ). However, when the rich , u n d is t ille d
preparation was used (a t 150°0) the values o f
a* >log /a-x did not vary lin e a r ly  with t, , but in ­
creased much more rap id ly  -  the graph o f log  a/a-x  
against t , being a smooth curve resembling a para­
bo la , convex towards the t^-axis.
Thus, we may look on the unimolecular ve locity  
as getting fa s te r  as the experiment proceeds. I f  we 
are to fin d  a d if fe re n t ia l equation to express this 
fa c t ,  the simplest assumption to make i s ,  that at any 
in stan t, the v e lo c ity , besides being proportional to 
the number o f  reacting molecules, i s  proportional to 
number o f  phenyl-m alonic-ester-m oleoulos formed.
i . e .  = k .x , (a -x )  (4 )
dt
-  which represents an "au to -ca ta ly tic " reaction .
On in tegration , th is equation gives
log  — - —  = akt *f const. (5 )a - x
and i f  we consider -the point where the reaction  has 
gone h a lf  way,
a /x = '2  and t =
with the help of a Gaede pump, was so much decomposed
58.
Then, const
and k 1 log X (6 )a I t  -  t i ) (a -x )
The values o f experiment CV were used in  th is  
formula and the constancy o f k , throughout the 
whole experiment, was so good as to estab lish  without 
doubt, that th is , indeed ,is the equation o f the 
reaction .
There i s ,  however, another so lution  o f the above 
equation, i . e .
This has been used in  tab le  30 to calcu late  the
1,1 “ ■ ■ A
values o f the ve loc ity  constant k fo r  expt. 0V.
The f i r s t  three columns there,are  fam ilia r . The 
values o f log  ~  in  the next column, were p lotted
£L*-X
against t i  and found to give  a stra igh t lin e .
SIXThis was produced to meet the lin e  log  —-r  = 0 , 
and the value t0 obtained, which represents the zero 
time o f the reaction , fo r  the purposes o f th is calcu la ­
tion . I t  should be noted that th is  is  a mathematical 
device, fo r ,  s t r ic t ly  speaking, the reaction  w i l l  not 
s ta rt , unless there is  present, at le a st  a trace o f  
the products. This is  the reason that to is  found 
e a r l ie r ,  than the observed “ s ta rt“ o f the reaction.
In  the la s t  column, i t  w i l l  be seen that the 
values/
(7)
values o f — 1°6 are remarkably constantU
not even the f i r s t  or la s t  reading being appreciably  
exempt. Another experiment, (C I I ) under the same con­
d ition s, showed a s im ilar consistency, though the 
absolute value was sm aller (k = 45.7 instead o f  
48.7 x 10 ) .  We are therefore en titled  to say that
the decomposition o f phenyloxalacetic ester -  under 
these conditions -  is  auto ca ta ly tic  and o f the f i r s t  
order.
How, then, are we to explain the unimolecular 
constant obtained with the d ilu te  preparation?
In th is case,we are re a lly  separating out and examin­
ing a small portion  at the end o f the whole reaction.
Now, even with experiment CV ,it was possib le  to choose
1 aa value o f t0 which made ■£ log  constant fo r
the la s t  four o f f iv e  readings, so there is  re a lly  
nothing surprising about this fa c t .  At th is part 
o f  the experiment, the values o f (a -  x ) are changing 
much more rap id ly  than x , and the equation
=  knx (a -x ) is  thus reverting to 
dt 1
g  = k (a -x )  
d t  ^
At this point, x is  approaching a and there­
fo re , kg ---- > k^a . That th is is  indeed the case,
i s  b e a u t ifu lly  demonstrated when we compare the 
constant k^a o f expt. 0V (196) with the unimolecular 




the d ilu te  preparation, at the same temperature,
(Table 27).
ThU3, in  examining the " apparent" unimolecular 
constant o f  the decomposition o f the d ilu te  prepara­
tion , we are, in d ire c t ly , measuring the true auto- 
ca ta ly tic  constant. Hence the temperature coe ffic ien t  
has been examined, as be fo re , and the resu lts  o f  
experiments at 140°, 150° and 160°0 are given in  f u l l  
on tab les 26-28, and summarised in  tab le  29, p. 77 .
The constancy o f the unimolecular constant i s ,  in  each 
case, very good as is  also the agreement with the 
Arrhenius law-shown by the stra igh t lin e  in  graph V II .  
Using the method already described, we fin d  from this  
l in e ,
Q = 44,300 c a ls . )
)
B = 19.88 )
The net re su lt  o f the e ffe c t  o f temperature on 
the ve loc ity  o f  d issoc iation , as we pass from one 
compound to another w i l l  be found in tab le  J31, p. 78 .
Here are given, besides Q, and B , the derived
values o f  the Lew is-Perrin  wave-length (which are 
used in  the next section ) and the " a c t iv e - l i f e " ,
(which is  re fe rred  to in  the discussion o f results).
TABLE 13»
EXPT. LXXXIX : OXALAOETIO ESTER AT 165°C»
a = 8.55 cc. l o g  a  = 0 .9320 , t0 = 1 1 h* 36 m.
*1 V 0 X 8.55-x l o g  a / a -x t
4
K X 10
11.19 Start * - - - - -
.43 1.6 0.35 1.25 7.3 0.0687 7 (98)
12.3 3.25 .5 2.75 5.8 .1686 S7 62.5
.37 5.9 .75 5.15 3.4 .401 61 65.8
1.23 7.7 .9 6.8 1.75 • 689 107 64.3
3.24 9.4 1.05 8.35 0.2 1.631 228 71.5
oo 9.6 1.0 5 8.55 - - <a -
Average : k = 65.9 x 10
-4
TABLE 14.
Expt. LXXVI  s Ethoxy-oxalaoetic ester at 175.0 0.o
a = 31.0 oc f i o & a  = 1.4914 ; ty — 11 II •
*
5.2 m.
*1 V o X 31.0-x
a /
log  /a-x t
4
K x 10
11.4 start - - - - - -
.10 2.4 0.45 1.95 29.05 .0283 4.8 (59)
.16 4.4 .65 3.75 27.25 .0560 10.8 51.8
.25 7.3 .9 6.4 24.6 .1005 19.8 50.7
.35 10.2 1.1 9.1 21.9 .1510 29.8 50.7
.45 12.8 1.3 11.5 19.5 .2014 39.8 50.7
12.1 16.4 . 1.6 14.8 16.2 .282 55.8 50.6
.17 19.5 1.8 17.7 13.3 .367 71.8 51.2
.33 22.1 1.9 20.2 10.8 .458 87.8 52.2
1,13 26.5 2.15 24.35 6.65 .669 127.8 52.3
3.13 30.3 2.3 28.0 3.0 1.014 247.8 (41)
oo 33.5 2.5 31.0 - - - -
-4Average : k - 51.5 x 10
TABLE 15.
Expt. LXXV : Ethoxy-oxalacetic ester at 195.0 0.
a = 34.0 co • log  a = 1.5315 j tD = 11 h. 25.6 m.
* 1 V c X 34.0-x
a /
log  ' a - x t 4K x 10
11.24 start - - - - - -
.29 7.8 0.9 6.9 27.1 .0985 3.4 (290 )
.31 10.8 1.2 9.6 24.4 .1441 5.4 267
to. 14.8 1.5 13.3 20.7 .2155 8.4 257
.37 18.4 1.75 16.65 17.3 .292 11.4 257
.40 21.4 1.85 19.55 14.45 .372 14.4 258
.44 24.7 2.05 22.65 11.3 .477 18.4 260
.49 27.4 2.2 25.2 8*8 .587 23.4 251
.55 29.7 2.3 27.4 6.6 .712 29.4 242
12.10 31.7 2.4 29.3 4.7 .859 44.4 (193)
2.45 34.2 2.6 31.7 2.3 1.170 199.4 ( 59)
oo 36.6 2.6 34.0 - - - -
Average k = 256.0 x IQ"4
TABLE 17.
Expt. LXXXI : Qxalpropionio ester at 150.0 0.
o
£ II to .0 co * lo Sa = 1.6232 J t0 = 10 h. 58 m.
t l V c X 42.0~x log  a/a_x t
4
K x 10
10.45 start - - - - - -
.18 7.5 0.9 6.6 35.4 .0742 20 (37.1)
oto• 10.6 1.15 9.45 32.55 .1106 32 (34.5)
.45 13.7 1.4 12.3 29.7 .1504 47 32.0
.59 16.4 1.6 14.8 27.2 .1886 61 30.9
IS. 18 19.8 1.8 18.0 24.0 .243 80 30.4
.37 23.1 1.95 21.1 20.85 .304 99 30.7
1.2 26.9 2.2 24.7 17.3 .385 124 31.1
.30 30.6 2.35 28.2 13.75 .485 152 31.9
1.55 33.1 2.5 50.6 11.4 .566 177 32.0
2.39 37.0 2.6 34.4 7.6 .742 221 33.6
3.44 40.7 2.7 38.0 4.0 1.021 286 (35.7 )
Do 44.7 2.7 42.0
-4Averages k = 51.6 x 10
579 765
a = 45.8 X 278 x 761 = 46.2 cc j lo g a =1 .6646 ; t0 = 11 h 21 m.
TABLE 18.
oExpt. LXXVII : Oxalpropionic eater at 155.0 C.
*1 V
VU <3.0 V 
0 X 46.2-x
U. mlU © !
l ° g  a/a-x t
4
K x 10
11.13 atart ~ - - - - -
oto• 6.2 0.8 5.4 40.8 .0539 9 (60)
.37 9.2 1.0 8.2 38.0 .0848 16 53.0
.45 12.5 1.3 11.2 35.0 .1205 24 50.2
.56 16.7 1.6 15.1 31.1 .172 35 49.2
12.7 20.6 1.8 18.8 27.4 .227 46 49.2
.18 24.3 2.0 22.3 23.9 .286 57 50.2
oto. 28.0 2.2 25.8 20.4 .355 69 51.4
• CJ1 32.0 2.4 29.6 16.6 .444 84 5 3 .0
1.4 36.1 2.55 33.55 12.65 .562 103 54.5









3 .6 1 .1 0 8 196 (56.6 )
(* At 5°C and 765 mm.) Average; k = 51.3 x 10 ^
TABLE 19.
Esept » LXXIX 
734
Oxalpropionio ester at 160 0«
a = 41.7 x 780 = 4 0 .2  co J loga = 1*6042 ; t0 = 11 h. 43 m
t l V 0 X 40.2-x log a/a-x t K X 104
11.30 start - - - - - -
.45 6.4 0.8 5.6 34.6 .0651 2 (325)
.54 10.6 1.15 9.45 30.75 .1164 11 (106)
12.4 15.0 1.5 13.5 2 6 . 7 .1777 21 84.7
.15 19.7 1.8 17.9 22.3 .256 32 80.0
.27 24.4 2.0 22.4 17.8 .354 44 80.5
.41 28.9 2.25 26.65 13.55 .472 58 81.5
.58 35.2 2.5 30.7 9.5 .626 75 83.5
1.21 36.7 2.6 34.1 6.1 .819 98 83.6
2.16 40.5 2.7 37.8 2.4 1.224 153 80.1




(* At 5 0 and 734 mm.) Average: k = 82.0 x 10- 4
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TABLE 20»
oExp t. LXXXII : Oxalpropionic ester at 165 G.
• a = 50.8 oc j lo ga = 1.4886 J tQ = 11 h. 9.5 m.
t l V 0 X (SO .S-x) log  a/a-s
4
K x 10
11.3 start - - - - - -
.11 3.8 0.6 3.2 27.6 .0477 1.5 (318)
.17 7.4 .9 6.5 24.3 .1030 7.5 (138)
. 2 2 10.4 1.1 9.3 21.5 .1562 12.5 125.0
.29 14.3 1.4 12.9 17.9 .236 19.5 121.0
.38 18.7 1.75 16.95 13.85 .347 28.5 122.0
.47 2S.2 1.9 20.3 10.5 .467 37.5 124.8
.58 25.3 2.1 23.2 7.6 .608 48.5 125.2
IS. 16 28.4 2.25 26.15 4.65 .821 66.5 123.5
.35 30.2 2.3 27.9 2.9 1.026 85.5 120.0
1.39 32.1 2.4 29.7 1.1 1.447 149.5 (97)
OO 33.3 2.5 30.8
-4Average : fc = 125.1 x 10
TABLE 22.
Expt. XO : Oxalsuocinio ester at 150.Q°C.
750
a = 26.4 x 744 = 26.6 cc j l ° g a = 1*4249 J tc = 10 h. 44 m.
*1 V c X 26.6-x log  a/a-x t • K x 10 4
10.41^ start - - - - - -
11.6 3.6 0.6 3.0 23.6 .0520 22 (23.6 )
.52 5.6 .75 4.85 21.75 .0874 48 18.22
12.1 8.3 1.0 7.3 19.3 .1393 77 18.10
.32 10.8 1.2 9.6 17.0 .1945 108 18.03
1.12 13.5 1.4 12.1 14.5 .263 148 17.77
2.39 17.9 1.7 16.2 10.4 .408 235 17.36
3.45 20.8 1.8 19.0 7.6 .544 301 18.10
5.4 23.2 1.95 21.25 5.3 .696 380 18.32
7.20 25.7 2.1 23.6 3.0 .948 516 18.37
10.50 27.6 2.2 25.4 1.2 1.346 726 18.55
OQ 28.7 2.3 _  # 26.4
{* At 750 mm. ) Average k = 18.09 x 10-4
69.
Expt. XGI : Oxalsuccinio ester at 160.0 0.
TABLE 23.
o
a = 28.7 oo ; loga = 1.4579 j tQ = 10 h. 59.2 m.




l o g  / a - x t K X 10 4
10.57 s t a r t - - - - - -
11.12 5.8 0.75 5.05 23.65 .0841 12.8 (65.7)
.21 8.3 1.0 7.3 21.4 .1275 21.8 58.4
• 33 11.5 1.2 10.3 18.4 .393 33*8 57.2
.47 14.8 1.5 13.3 15.4 .870 47.8 56.5
12.3 17.9 1.7 16.2 12.5 .361 63.8 56.6
.43 23.6 2.0 21.6 7.1 .607 103.8 58.4
1.19 26.5 2.15 24.35 4.35 .819 139.8 58.4
2.39 29.3 2.3 27.0 1.7 1.227 219.8 55.9
5.7 30.5 2.35 28.15 0.55 2.717 367.8 (74)
OC 51.1 2.4 28.7
-4Average : k = 57.5 x 10
70
740
a = 747 X 21.4 = 21.2 oo ? loga = 1.3265 ,• t Q = 11 h. 38.7 m.
TABLE 24.
Expt. XOVI î Oxalsuocin io  ester  at 170.0°0.
(Gas volumes at 747 mm. )
t l V 0 X 21.2-x log  a/a-x t
4
K X  10
11.34 start - Wm - - - -
.46 5.6 0.7 4.9 16.3 0.1141 7.3 (156)
.51 7.9 0.9 7.0 14.2 .1740 12.3 141.3
12.0 11.7 1.2 10.5 10.7 .297 21.3 139.6
.7 14.1 1.4 12.7 8.5 .397 28.3 140.3
•17 16.6 1.6 15.0 6.2 .534 38.3 139.6
.31 19.1 1.8 17.3 3.9 .735 52.3 140.5
.53 21.1 1.85 19.25 1.95 1.036 74.3 139.5




(* At 740 mm. ) Average: k = 140.1 x 10
71.
TABLE 26.
Expt. GVII : Phenyl oxa lacetic  ester at 140.0°G. (25%)
a = 16*0 oc j loga = 1*2041 j tQ = 11 h. 20 m.
*1 V c X 16.0-x log  V a -x
t K x 10 4
11.15 start - - - - - -
to0 2.8 0.5 2.3 13.7 .0674 14 48 . 2
.48 5.1 .7 4.4 11.6 .1396 28 49.8
.57 6.4 .8 5.6 10.4 .1871 37 50.6
12.16 8.6 1.0 7.6 8.4 .280 56 50.0
.41 10.85 1.15 9.7 6.3 .405 81 50.0
1.13 12.9 1.3 11.6 4.4 .561 113 49.6
2.48 15.9 1.55 14.35 1.65 .987 208 (47.5 )
DO 17.7 1.7 16.0
-4Average : k  = 49.7 x 10
72.
TABLE 27.
Expt. GVI : Phenyloxalacetio ester at 150.0 °0 . (25%)
a = 10. Ê cc J loga = ]..0334 J t0 = 11 h. 5.7 m.
t l V c X 10-8 “X log  a/a-x t
4
K X 10
11.3 start - - - - - -
.12 3.1 0.5 2.6 8.2 .1196 6.3 190.2
.18 5.1 .7 4.4 6.4 .227 12.3 184.5
.26 7.2 .9 6.3 4.5 .380 20.3 187.3
.35 8.7 1.0 7.7 3.1 .542 29.3 185.0
.59 10.8 1.15 9.65 1.15 .973 53.3 182.5
1.1 11.7 1.25 10.45 0.35 1.489 115.3 (139)
oo 12.1 1.3 10.8
-4
Average : k -  185.9 x 10
i
Expt. OI i Phenyloxalaoetic  ester at 160°C. (2 5%)
TABLE 28»
a = 17.5 oc ; ^°Sa = 0*2430 ; tQ = 7.45 m.
*1 V c X 17.5-x 1°S /a-x t
3
K X 10
12.5 start - - - - - -
• § 3.7 0.6 3.1 14.4 .0846 0.55 (154)
.10 6.7 0.8 5.9 11.6 .1785 2.55 (70)
.12 9.2 1.0 8.2 9.3 .2745 4.55 60.4
.14 11.6 1.2 10.4 7.1 .392 6.55 59.9
.18 13.7 1.35 12.35 5.15 .531 8.55 62.2
.19 15.8 1.55 14.25 3.25 .731 11.55 63.2
.24 17.4 1.65 15.75 1.75 1.000 16.55 60.5
oto• 18.4 1.7 16.7 0.8 1.340 22.55 59.5
oo 19.3 1.8 17.5
Average ì k = 60.9 x 10
- 3
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Expt. QV s Pure phenyl-oxalaoetic ester at 150°G.
(not d is t i l le d )
TAELE 50.
a = 40.3 oc j log a = 1.6053 j tQ (from graph) = 2 h. 37 m.
*1 V X
ax 
log a~x t1 -  2.37
1 ax , 4  
t log a -x  x 10
2.46 start - - - -
3.9 4.4 3.8 0.623 32 194.5
.24 8.0 7.05 0.932 47 198.5
.36 12.1 10.85 1.172 59 199.
.47 16.5 14.9 1.374 70 196.5
.52 19.3 17.5 1.490 75 199.
.59 22.2 20.3 1.612 82 197.
4.6 25.5 23.4 1.747 89 196.5
.13 28.2 26.0 1.865 96 194.5
.21 31.3 28.9 2.009 104 193.5
.29 34.1 31.6 2.165 112 193.5
.40 37.2 34.6 2.388 123 194.5
.59 40.5 37.8 2.785 142 196.
5.31 42.1 39 . 4 3.247 174 (187)
00 43.0 40.3
Average s ak = 196.1 x 10 ”4 
I . e .  k = 48.7 x 10“5
GRAPH 17. E t h o x y QX ACETIC
G r a p h  Y. ÛXALPROPIOMIC
TABLE 16
Temperature Coefficient for Ethoxy-oxalacetic eater.
(see Graph IV)






LXXVI pg.67. it - 51.3 - -
Average n 52.4 - .002242 1.719 (1 )
XLII 451 85.5 - 2217 1.932 { l ì
Aver.table 9 456.5 138.9 - - -
LXXIII t - 138.2 - -
Average. tt 138.5 - 2190 2.141 (3)
XLIV 461 204.1 - 2169 2.310 (4;
LXV 466 296 - - -
LXXV pg-ôS. h - 256 - I
LXXXVII ft - 247 - -
(Average rt 266 - 2146 2.425) (5)
(XL VI 471 433 2123 2.636 ) (6)
Temperature Coefficient for Oxalpropionic ester.
(see Graph Y)
TABLE 81.
Expt. oT abs. 4K x 10 1 /'  T log10K + 4
LXXXI 423 31.6 -
LVII » 29.4
Av. u 30.5 .002364 1.484
LXXVII 428 51.3
LIII n 47.2




Av. ii 80.2 2310 1.904
LXXXII 438 123.1
LXXXV H 115.6
Av. It 119.3 2283 2.077
(Experiments -underlined given in tables 17 to 20 )
r a p h JVT Q x a l s u c c ih ic
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Expt. T° abs. K x 104 V t log10K +  4
XC 423 18.09
XCVIII « 22.83
Av. it 20.46 .002365 1.3009
XOI 433 57.3
XCV n 56.7
XGIV « 50.0 -
Av. h 54.7 2309 1.738
XOVI 443 140.1
XCVII » 137.1
Av. » 138.6 2257 2.1418
(Experiments underlined given in tables 22 - 24)
TABLE 29 «
Temperature Coefficient for phenyl-oxalacetio ester«
Tsee Graph VII)
Expt. T° a b s . 4K x 10 V t lo g 10K +  4
0V1I 413 49 .7 .002421 1.696
CVI 423 185.9 2364 2.269
CL 433 609.5 2310 2.785
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79.
We are now In a position  to ca lcu late , by means 
o f the Lew is-Perrin  theory, the wave-length o f the 
l ig h t ,  which should be e ffec t iv e  in  bringing about 
the decomposition o f oxa lacetic  ester derivatives. 
Using the re la t io n : Q J = Nhv = Nh G/\
23
Where N = Avdgadro’ s number = 6.06 x 10 ,
—27h = P lanck’s constant = 6.55 x 10 ,
C = Velocity o f l ig h t  = 3 x 1010 cm/sec.,
7
J = 4.18 x 10 ergs per c a lo r ie .
We obtain  the values fo r  À , the active wave-length,
given in  tab le  31. pg'Tg.
EXPERIMENTS ON THE RADIATION THEORY.
Absorption Spectra.
I f  the theory be true, these substances should 
exhibit an absorption band in  the region  near 800/*^ • 
This wave length l i e s  just at the edge o f  the in fra ­
red, a region which, unfortunately, is  not eas ily  
investigated . There are, however, good reasons fo r  
examining the absorption spectra in  the v is ib le  and 
u lt r a -v io le t .  In the f i r s t  p lace , m odifications o f  
the/
A
Ethoxy oxa lacetic  ester 35,800 cals
Methyl " u 33,300
Oxal succinic “ 35,400




the o r ig in a l form of the rad iation  hypothesis (Lewis, 
Trans. Farad. Soc. XVII, P t .3 , 585) suggest that 
m ultiples or submultiples of the calcu lated  frequency, 
may be e ffe c t iv e  in  causing reaction . Secondly, the 
work o f Baly (B.A. Report 1922, p. 294) shows that an 
absorption band in  the near u lt ra v io le t  has a frequency
i
which is  an in tegra l m ultip le o f the fundamental mole­
cu la r ' frequency,in  the near in fra -red .
The spectrograph used was made by H ilge r. The 
f i r s t  photographs were made with a layer o f  the ethoxy- 
and methyl- derivatives in  the path of the lig h t  from 
a carbon arc, and are shown in  p lates I  and I I .  The 
l iq u id  was contained in  a s i l i c a  c e l l ,  whose p a ra lle l  
sides were about 1 mm. apart. I t  w i l l  be seen that 
there is  strong absorption in  the u lt ra v io le t , and 
that th is is  id en tica l in  the two cases. *
By comparison with the mercury spectrum, i t  was 
estimated that the edge o f the band lay  between 370 
and 390 1̂1/^. A l l  l ig h t  o f  shorter wave-length (to 
about 230/V*' ) was absorbed. The spectrum o f the C 
arc is  given fo r  comparison.
P la te  I I I  shows the corresponding resu lts  with  
oxalacetic  and oxalsuccin ic esters respective ly .
Here the esters were simply held by surface tension 
between two s i l i c a  p la te s , so that the absorbing layer  
was much thinner* In  addition , the spark spectra o f
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the band in  th is case is  le ss  d istinct,than  before , 
and s lig h t ly  nearer the short-wave end o f the spectrum. 
The strong Mg. lin e ,c lo se  to the edge ,is  383-4^/^30  
that we can now say, d e fin ite ly , that the absorption  
starts  at 380///^.
This wave-length bears no simple re la t io n  to those 
calculated from the heat o f  activation . We ought, 
however, to consider the wave-length o f the centre o f  
the band. With a view to determining th is , the 
spectrum o f a d ilu te  so lution  o f m ethyl-oxalacetic  
ester was photographed in  layers o f diminishing thick­
ness, by means o f a “Baly<! tube. I t  was found con­
venient to use a 0.005 N. so lution  o f  the substance, 
in  absolute alcohol -  which solvent is  completely 
transparent in  the u lt ra v io le t  (see p late  V I ) .
In  p late  IV are shown the resu lts  when layers o f  10,
5, 1 and 0.1 cm. were used with two d iffe ren t  sparks.
In p late  V, the quartz-mercury lamp was used as a 
source o f l ig h t  -  and the so lution  was twice as d ilu te  
as befo re . The photographs give no ind ication  o f a 
banded structure; the edge o f the absorption simply 
retreats into the u lt r a -v io le t  with diminishing thick­
ness o f layer.
The photographs of p late  VI show the absorption  
spectra o f me thy 1- ma Ionic ester and o f the sodium sa lt  
o f m ethyl-oxalacetic e ste r, which, we can assume, w i l l  
act lik e  the enolic ester (coOEt .0 (OH )=C (CH3 ).C00Et). 
The/
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The former transmits up to about 2 5 0 whi l e the 
la t t e r  starts to absorb about 330/V*-. Thus the 
region from 250 -  330 , in  the photographs o f  I I ,
i s  probably absorbed by the enol-form o f the ester, 
which, as w i l l  be shown, takes part in  the decomposi­
tion . The centre o f th is  region, (290 again
bears no simple re la tion  to the calcu lated  frequency. 
The band from 330 -  3 8 0 must be due to the keto- 
ester.
The spectrum o f the phenyl derivative  was not 
examined but the calculated frequency l ie s  in  the 
v i s ib le ,while the d is t i l le d  ester is  co lourless.
I f  there is  an absorption band at 641 then, i t  is  
very narrow.
E ffect of illum ination .
As mentioned in  the introduction, we can test  
the Lew is-Perrin  hypothesis by exposing the substances 
to l ig h t ,  o f the calcu lated  frequencies. In  the 
event o f  th is proving unable to cause the reaction, 
i t  might be conjectured that u lt ra v io le t  l ig h t  in  the 
region o f strong absorption ,w ill be e ffe c t iv e .
The ester was placed in  the "bubbler*1 (shown as 
part o f the apparatus in  diagram 9,pg85) o f c lear  
fused s i l i c a ,  which is  transparent to both regions in  
question. The tube was connected, on one s ide , to 
a carbon dioxide Kipp and on the other to a nitrometer, 
as/
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as u s u a l.  For i l lu m in a t io n , a p ow erfu l c a rbo n -a rc  
was u s e d ,a t  a d is tan ce  o f  3 in ch es . Th is g iv e s  a 
good continuous spectrum bu t a ls o  r a d ia te s  a g re a t  . 
d ea l o f  h e a t , which was trapped  by the c y l in d r ic a l  
c e l l ,  shown in  diagram  9 • The p lan e  ends o f  th is
were o f  c le a r  s i l i c a  and i t  c a r r ie d  a steady  stream  
o f  co ld  w ater (W ater tran sm its  a t  the U .V . end as  
f a r  as s i l i c a  -  see p la t e  I I I ,  and down to about 
1500/v/a, a t  the o th e r  : s i l i c a ,  o f  cou rse , i s  very  
tran sparen t on both  s id e s  o f  the v i s i b l e ) .
I l lu m in a t io n  in  th is  apparatus f o r  s e v e ra l h ou rs , 
o f  o x a la c e t ic  e s te r  and i t s  ethoxy and methyl d e r iv a ­
t iv e s  produced no re c o g n isa b le  amount o f  carbon mon­
o x id e . In  case th is  n e g a t iv e  r e s u lt  were due to an 
“ in duction " p e r io d , the methyl compound, in  one case , 
was heated  t i l l  i t  gave carbon monoxide, sh o r t ly  
b e fo re  i l lu m in a t in g . A ga in , the e f f e c t  o f  in te rp o s in g  
two screens in  tu rn , was t r i e d .  The f i r s t  c o n s is ted  
o f  a g la s s  c e l l  con ta in in g  a sa tu ra te d  s o lu t io n  o f  
io d in e  in  carbon d isu lp h id e , which would cut out a l l  
v i s i b l e  and u l t r a v io le t  l i g h t .  The second was a p ie c e  
o f  wU -v io l "  g la s s ,  which tran sm its  from about 328 to
'ft
5 8 3 y 'V *' • I n  no case was any decom position  obse rved . 
O ther experim ents in  a g la s s  tube , exposing to sun­
l i g h t  and the mercury lamp, and u s in g  o x a lsu c c in ic  
e s te r  were e q u a lly  u n su c c e ss fu l,
*  E xac t ly  the re g io n  a lre a d y  a t t r ib u t e d  to the  
k e to -e s t e r .
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However, a l i t t l e  ethoxy e s t e r  in  a g la s s  tube o f  
the type shown in  diagram  10:, seemed to g iv e  o f f  a 
gas s lo w ly  in  the course o f  s e v e ra l weeks. Th is cannot 
be due to therm al decom position  f o r  a t  room tem perature  
1 gm. would g iv e  0.00002 cc . in  one month.
A more search ing  t e s t  o f  the in f lu e n c e  o f  l i g h t  
was made by s t ro n g ly  i l lu m in a t in g  ethoxy o x a la c e t ic  
e s te r  a t  a tem perature, a t  which i t  decomposes therm­
a l l y  and m easuring, m eanwhile, the v e lo c i t y .  An 
a c c e le ra t io n  would be a n t ic ip a te d  under these  con­
d it io n s .  The substance was a g a in  p la c e d  in  the  s i l i c a  
bu bb le r ,w h ich  was then f i x e d  in to  the apparatus shown 
in  diagram  9 • The ja c k e t , surrounding the b u b b le r ,
was a lso  o f  c le a r  s i l i c a  and was kept a t  183.8°C by 
the vapour o f  the b o i l in g  a n i l in e ,  from the f l a s k  
beneath . The a n i l in e  condensed in  the lo n g  tube above, 
which p a ssed ,a lo n g  w ith  the b u b b le r , through the th re e -  
h o led  cork . A p re lim in a ry  photograph showed th at  
a n i l in e  vapour tran sm itted  up to 320 , so th a t  bo th
u l t r a - v i o l e t  and n ear in f r a - r e d  r a d ia t io n  were a v a i l ­
a b le  from the ca rbo n -a rc  source u sed . As b e fo re ,th e  
co ld  w ater f i l t e r  was in te rp o se d .
A f t e r  one o r  two in c o n c lu s iv e  e x p e r im e n ts ,it  was 
shown that the 'n o rm a l1 therm al re a c t io n  proceeds  
s e n s ib ly  u n a lte re d  in  th is  ap p a ra tu s , the va lue  o f  
k a t  183.8°C b e in g  120.5 x 1 0 ( See t a b le  3 2 ),
„ 4
as a g a in s t  the average  va lue  139 x  10 f o r  the  
numerous/
TABLE 32
i l lu m in a te d  by carbon a rc .
o
Expt. LXXXIV : E thoxy-oxalaoetjo  ester  at 183.8 0 in  s i l i c a :
a = 18.3 co j lo g  a = 1.2625 5 tQ = 11 h . 53 m .
*1 V c X 1 8 .3 -x lo g  a / a -x t
4
K x 10
11.51 s t a r t - - - - - -
IDID« 1 .3 0 .3 1.0 17.3 0.0245 2 122.5
12.0 3.9 . 6 3 .3 15.0 .0864 7 123.4
.4 5.5 .7 4 .8 13.5 .1322 11 120.2
.9 7 .4 .9 6 .5 11.8 .1906 16 119.0
.14 9 .0 1.0 8.0 10.3 .250 21 119.0
.20 10.8 1.15 9.65 8.65 .325 27 120.3
oto• 13.0 1.3 11.7 6 . 6 .443 37 120.0
.41 14.9 1.5 13.4 4.9 .572 48 119.3
.59 16.7 1 . 6 15.1 3.2 .757 66 (1 1 4 .7 )
CO 20.1 1.8 18.3
-4
Average : k = 120.5 x 10
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numerous ^ a r k *  experim ents a t  183.5 °C . A com parative
experim ent in  the d a rk ,in  the same a p p a ra tu s , gave  
—4 O
122 x 10 a t  184.3 C. I t  was a ls o  found th a t the  
¡s lo w ’ re a c t io n  (se e  p . 3-1. ) was u n a ffe c te d  by l i g h t .
In  these experim ents, the r a th e r  p e c u l ia r  f a c t  was 
n o tic e d  that the co lo u r o f  the e s te r  becomes deep 
y e llo w , a t  the in s ta n t  when decom position  s t a r t s .
DISCUSSION OF RESULTS:
The "koh lenoxydspa ltung '1 i s  shown by o x a la c e t ic  
e s te r  and a l l  o f  i t s  d e r iv a t iv e s ,  where one hydrogen  
o f  the methylene group i s  su b s t itu te d :  
i . e .  COOEt. 00. CHR. COOEt.
I f  both  hydrogens be rep la c ed  -  as in  dim ethyl o x a l ­
a c e t ic  e s t e r  -  carbon monoxide i s  not o b ta in ed  on 
h e a t in g :
COOEt.CO. C(CH3 ) g .COOEt.
Except in  the case  o f  o x a la c e t ic  e s t e r ,  the re a c t io n  
seems to p roceed  n e a r ly  q u a n t it a t iv e ly ,  though in  the 
experim ents d e sc r ib ed , the y ie ld  o f  carbon monoxide 
was never more than 95$ o f  the th e o re t ic a l  volume.
In  the case o f  ethoxy o x a la c e t ic  e s t e r ,t h e r e  i s  ground  
f o r  assuming a s id e -r e a c t io n  bu t w ith  the o th e rs , no 




Q u ite  a number o f  compounds a re  known to g iv e
carbon monoxide, on h e a t in g . For in s ta n c e , b e s id e s
fo rm ic  and o x a l ic  a c id s , compounds o f  the type CgHg.
OO.COOH lo s e  th e ir  carbon monoxide in  th is  way.
Again  d io x o -su c c in ic  e s t e r ,  GOOEt.CO.0 0 .OOOEt and
m esoxa lic  e s te r  , OOOEt.0 0 .OOOEt behave in  the same way.
T h e ir  s im i la r i t y  in  s t ru c tu re  to o x a la c e t ic  e s t e r  i s
obv iou s . More c lo s e ly  r e la t e d  to the l a t t e r  substance
oc
a re  the numerous o r th o -d ik e to n e s , which g iv e  carbon  
monoxide,among o th e r  th in g s ,o n  h e a t in g . E .g .  A c e to -  
phenone o x a l ic  e s t e r ,  OOOEt.0 0 .OH .OO.OpHe , and
Ci
k e tip in ic . e s t e r ,  OOOEt.OHg.0 0 .0 0 .CHg.COOEt.
In  f a c t  the group —  0 0 .CO.CH .CO —  seems to be  
s p e c ia l ly  e f f e c t iv e  in  th is  connection .
I t  i s  not n ecessa ry  th a t  th is  group shou ld  occur  
in  an e s t e r , f o r  the carbon monoxide decom position  may 
be  shown by o th e r  ty p e s s - For in s tan ce :
O x a ly l d iace ton e , CH^.OO.OHg.OO.OO.OHg.OO.OHg 
and acetophenone o x a l ic  a c id , 000H.00.CHg.CO CgHg.
W ith  many o f  the l a t t e r  compounds, i t  shou ld  be  
remembered that the lo s s  o f  carbon monoxide i s  a s i  de- 
re a c t io n , the m ain .p rocess  a t  the tem perature re q u ire d ,  
be in g  a condensation .
Mechanism/
but the malonic ester  d e r iv a t iv e ,  in  the res idue  a f t e r
Mechanism o f the R eac tion .
W is lic en u s  (Ber. X X V III, 811) showed th at the 
carbon monoxide, which was l o s t ,  p ro b ab ly  came from the  
keton ic  group and not from  the carbethoxy group .
Now i f  th is  be the c a se , i t  becomes a m atter o f  some 
d i f f i c u l t y ,  to e x p la in  how the CO group can jump out  
o f  the m iddle o f  the ch a in , le a v in g  the r e s t  o f  the 
m olecule in t a c t ,  u n le ss  a lin k a g e  e x is t s  between the 
C atoms on e ith e r  s id e ,  ju s t  b e fo re  d is s o c ia t io n .
I f  th is  i s  not the case ,w e  must assume th at the prim ary  
d is s o c ia t io n  o f  the m olecu le i s  in to  th ree  p a r t s ,  i . e .
COOEt. CO. CHR. COOEt = — COOEt + - : CO
+  —  CHR .COOEt
The f i r s t  and th ird  groups would u n ite  to g iv e  the 
m alonic e s te r  d e r iv a t iv e ,  but th ere  i s  a ls o  a p o s s i ­
b i l i t y  th a t the compounds, COOEt.COOEt (d ie th y l
o x a la t e )  and CHR.COOEt (d i -R  su c c in ic  
I
CHR.COOEt e s t e r )
would be form ed.
W ith  th is  id e a  in  v iew , the re s id u e  a f t e r  decomposing 
m eth y l-o x a la c e t ic  e s t e r  was examined f o r  a h ig h -  
b o i l in g  su cc in ic  e s te r  d e r iv a t iv e  but w ithout su cce ss .
I t  seems p robab le  th en ,th a t  the above equation  
does not h o ld  and, in  pursuance o f  the f i r s t  hypo­
th e s is ,  the fo llo w in g  s t ru c tu ra l  mechanism of the 
re a c t io n  i s  suggested :
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The fa c t  th a t ( b ) does take p a r t  in  the re a c t io n ,  
i s  confirm ed by the f a i l u r e  o f  d im e th y l-o x a la c e t ic  
e s t e r  to g iv e  carbon monoxide. Th is substance cannot 
e x is t  in  the en o l-fo rm  ( b ) .
I t  m ight be argued  th at we a re  r e a l l y  m easuring  
the ra te  o f  change from (b )  to ( c ) ,  f o r  such isom eric  
changes o fte n  take p la c e  w ith  m easurable  v e lo c i t y .
Th is i s  rendered  im probable  by the f a c t ,  th a t  such 
changes a re  g e n e ra l ly  enormously in flu e n c e d  by the 
n atu re  o f  the so lv e n t . Pon in s ta n c e , Dimroth. found  
th at the isom eric  change o f  ta  t r i a z o le  d e r iv a t iv e  
proceeded e igh t tim es f a s t e r ,  in  methyl a lc o h o l than  
in  e th e r , at the same tem perature . (Ann. der Chem. 
555, l ) .  Tubandt! s work on the in v e rs io n  o f  menthone, 
(d o . 554, 2 5 9 ,) and Low ry : s on n itrocam phor (J .C .S . ,  
9 5 , 107) show the same th in g . I t  th e re fo re  seems un­
l i k e l y  th a t th is  isom eric  change i s  r e sp o n s ib le  fo r  
the measured v e lo c it y .
The u n im o lecu la r decom position  o f  the pa ren t com­
pound, o x a la c e t ic  e s t e r ,  which shows so much s id e -  
re a c t io n  is  an in t e r e s t in g  s i d e - l i g h t  on the mechanism
o f/
o f  t h e  r e a c t i o n ,  b u t  w i t h o u t  k n o w le d g e  o f  t h e  c o n ­
s t i t u t i o n  o f  t h e  c o n d e n s a t i o n  p r o d u c t ,  w e  c a n n o t  d r a w  
a n y  c o n c l u s i o n  a s  t o  t h e  n a t u r e  o f  t h e  s e c o n d  r e a c t i o n .  
We h a v e  a l r e a d y  m e n t i o n e d  t h a t  i t  p r o b a b l y  c o n s i s t s  
p r i m a r i l y  o f  t h e  f o r m a t i o n  o f  w a t e r .
ABSENCE OF SOLVENT OR IONIC CATALYSIS.
From the r e s u lt s  o f  the experim ents on the in ­
f lu e n c e  o f  s o lv e n ts , i t  would appear th at th e re  i s  
some tru th  in  the statem ent th a t , in  a u n im o lecu la r  
p ro c e s s , each m olecu le  d is s o c ia t e s  w ithout re fe re n c e  
to  i t s  n e igh bou rs . I t  i s  tru e  th a t  the v e lo c it y  i s  
s l i g h t ly  g re a te r  in  every  c a se , where a so lv e n t  i s  
used , but th is  in c re a se  cannot be compared w ith  what 
i s  norm ally  known as 's o lv e n t  c a t a l y s i s ' .  For in stan ce  
in  Menschutkins c la s s i c a l  experim ents (Z e i t .  f .  Phys. 
Chem. JL, 6 1 1 ),we f in d  the v e lo c it y  in  ben zy l a lc o h o l  
i s  740 times g re a te r  than in  hexane.
Two r e a c t io n s , found in  the l i t e r a t u r e ,  resem ble  
our p re sen t case  c lo s e ly ,  f o r  bo th  le a d  to the e v o lu ­
t io n  o f  a gas from a l i q u id ,  and bo th  a re  t r u ly  u n i -  
m olecu la r. These a re  the decom position  o f  hydrogen  
p erox ide  (Bohnson;J. Phys. Chem. 24, 677) and o f  
cam phor-carboxy lic  a c id  (B re d ig  and B a lc o n i ; B e r . 41 , 
7 4 0 ). On both  o f  them, however, the so lven t has a 
very/
v e r y  m a r k e d  i n f l u e n c e  -  t h e  v e l o c i t y  v a r y i n g  a s  m u c h  
a s  t e n - f o l d  a s  w e  p a s s  f r o m  s o l v e n t  t o  s o l v e n t .  We 
m a y  c o n c l u d e  t h e n , t h a t  t h e  k i n e t i c s  o f  t h e  ' k o h l e n o x y d -  
s p a l t u n g 7 a r e  d i f f e r e n t .  O u r  r e a c t i o n  i s  m o r e  t r u l y  
u n i m o l e c u l a r .
T h e  i n d i f f e r e n c e  o f  t h e  c h a n g e  t o  a c i d s  i s  p e r h a p s ,  
e a s i e r  t o  u n d e r s t a n d ,  f o r  t h e  e s t e r s  ( b e i n g  |3 k e t o n i c )  
a r e  v e r y  s t r o n g l y  a c i d  t h e m s e l v e s ,  a n d  m a y ,  e v e n  i n  
t h e  p u r e  s t a t e ,  c o n t a i n  a  f a i r  p r o p o r t i o n  o f  H  * i o n .
The m o lecu la r w e igh ts  o f  the ethoxy and methyl d e r iv ­
a t iv e s  were m easured in  acetone s o lu t io n  by the b o i l in g  
p o in t  method and found to be norm al.
(Ethoxy 213 in s te a d  o f  232 
M ethyl 192 " " 202)
so th at in  th is  so lv e n t , a t  any r a t e ,  th ere  i s  l i t t l e  
d is s o c ia t io n .
The f a c t  th a t h y d ro c h lo r ic  a c id  gas and su lphu r  
d io x id e  do not a f f e c t  the re a c t io n , i s  o f  im portance  
i f  we a re  to e x p la in  the a c t iv a t io n  p rocess  in  chem ical 
re a c t io n s  by assuming v io le n t  c o l l is io n s ?  f o r  J *J .  
Thomson (P h i l .  Mag. 47, (278 ) 337) has shown,that  
s t ro n g ly  p o la r  m o le c u le s ,o f  t h is  ty p e ,sh o u ld  in c re a se  
re a c t io n  v e lo c it y  by in c re a s in g  the e le c t r o s t a t ic  
a t t r a c t io n  between m olecu les and hence le a d in g  to  
fo rm ation  o f  in te rm ed ia te  compounds.
I t  i s  d isc o n c e rt in g  to f in d  th at d ry in g  has no 
in flu e n c e /
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in f lu e n c e  on the d is s o c ia t io n  -  as f a r  as these  ex­
perim ents show. We cannot conclude , from t h i s ,  th at  
w ater i s  not a c a t a ly s t  o f  the re a c t io n , f o r  in  cases  
where the removal o f  w ater has in h ib it e d  a d is s o c ia t io n  , 
(c a lom e l, N H ^C l) the extent o f  the d ry in g  was p ro b a b ly  
much g re a te r  than h e re . Nor can we deduce th a t L o w ry 's  
conten tion  (p . 3 ) i s  wrong, when we f in d  th at a d d it io n  
o f  w ater o r  H ‘ , in  com parative ly  la r g e  amounts, does 
not in c re a se  the v e lo c ity ?  f o r  H e r z fe ld  has shown 
( Z e i t .  f .  Phys. Chem. 1921, 98, 161) th a t , where two 
c a ta ly s t s  take p a r t  in  a r e a c t io n ,th e  v e lo c it y  w i l l  
g e n e ra l ly  be independent, o f  the con cen tra tion  o f  one 
o f  these . Thus, when a m o lecu le , AB, d is s o c ia t e s  w ith  
the a s s is ta n c e  o f  the two c a t a ly s t s ,  X and Y , 
accord ing  to the equ ation s :
(1 )  AB + X  AX + B ? (2 )  AX + Y------ * AY + X ;
(3 ) AY ----- ). A + Y
then i f  r e a c t io n  ( 2 ) i s  f a s t e r  than re a c t io n  ( 1 ) the  
v e lo c ity  w i l l  be independent o f  [Y ]  -  the concen tra ­
t io n  o f  the second c a t a ly s t  -  p ro v id ed  [ Y ]  i s  
g re a te r  than a c e r t a in  sm all l im it in g  co n cen tra t io n .
I f  then Y in  th is  case be the w ate r o r  H ’ , th e re  
need be no d i f f i c u l t y  in  e x p la in in g  these r e s u l t s .
ANTICATALYSIS BY CARBON MONOXIDE.
W hile  we are  d isc u ss in g  the su b je c t  o f  c a t a ly t ic  
a c t io n , we have to account f o r  the r e t a rd a t io n  in  
v e lo c i t y ,/
‘
v e lo c i t y ,  f i r s t  observed  when the stream  o f  carbon d i ­
o x id e  was in te r ru p te d  between re ad in g s  (p . 34- ) .
Three su ggestion s  have a lre a d y  been  advanced to ex­
p la in  th is  e f f e c t .  The f i r s t  -  th a t the r e ta rd a t io n  
i s  due to red u c tion  o f  the exposed su r fa c e  -  i s  d i s ­
posed o f  by exp t. LXXXVIII (p . 43 )> w h ile  the hypo­
th e s is  o f  r e v e r s i b i l i t y  -  im probab le  a p r i o r i  
has been found by d ir e c t  t r i a l  to  be unfounded.
I t  i s  proposed to show th at these r e s u lt s  and a ls o  
the re ta rd a t io n  in  the absence o f  a stream  o f  g a s , 
can be exp la in ed  on the theory  th a t , a t  f a i r l y  la r g e  
con cen tra tion s , the v e lo c it y  i s  in v e r s e ly  p ro p o r t io n a l  
to the con cen tration  o f  carbon monoxide: i . e .  th a t the  
carbon monoxide i s  an " a n t i c a t a ly s t . ”
In  the f i r s t  p la c e ,  we have to e x p la in  the f a c t ,  
th at the d is s o c ia t io n ,  though re ta rd e d  so much,when 
no stream o f  carbon d io x id e  i s  u sed , s t i l l  fo l lo w s  
very  a c c u ra te ly , the u n im o lecu la r la w , as in  T ab le  12. 
We must remember, th a t a t  any in s t a n t ,  the e f f e c t iv e  
con cen tration  o f  carbon monoxide w i l l  not be  determ ined  
by the tim e. F o r, once the g a 3 has s ta r te d  to le a v e  
the l i q u id  under i t s  own p re s su re , i t s  con cen tra tion  
w i l l  rem ain a t  a steady  v a lu e , determ ined by i t s  
s o lu b i l i t y  in  the l i q u id ;  and, though the com position  
o f  th is  l i q u id  i s  co n stan tly  changing, the chem ical 
n atu re  o f  the so lv en t-m o lecu le  does not a l t e r  very  
much. Thus i t s  so lv en t  a c t io n  may w e l l  change l i t t l e  
as/
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as the experim ent p roceed s , and the co n cen tra t io n  o f  
the a n t ic a t a ly s t  w i l l  remain con stan t;
dx _  K (a - - x )  _  k la  - x )
[CO] Constant.
i . e .  u n im o le c u la r .
.
I t  i s  ev iden t th at th is  e x p la in a t io n  can be  
extended, to e x p la in  why a u n im o lecu la r constant shou ld
be o b ta in ed  w ith  the ethoxy d e r iv a t iv e ,  when an in t e r ­
m itten t stream  o f  carbon  d io x id e  i s  used* During the 
short time th a t  the stream i s  a c tu a l ly  p a s s in g , the  
re a c t io n  w i l l  presum ably p roceed  w ith  the tru e  v e lo c it y .  
When the stream i s  stopped , however, the carbon mon­
ox ide  w i l l  q u ick ly  reach  a s a tu ra t io n  v a lu e . From th is  
p o in t , the con d ition s  a re  the same as in  the p rev io u s
C EtS  0  •
^ In  conform ity w ith  t h i s ,  the re ta rd e d  v e lo c it y  
by both  methods, f o r  the ethoxy d e r iv a t iv e ,  i s  about 
o n e -h a lf  the tru e  v e lo c i t y .
That th is  e xp lan a tio n  w i l l  not app ly  to the  
methyl compound i s  shown by e x p t . LXXXVI, t a b le  11, 
where in s te a d  o f  a u n im o lecu la r decom position , we f in d  
the in stan taneous v e lo c it y  remains constant throughout 
the experim ent. Th is r e s u lt  m eans,that acco rd in g  to 
our h yp o th es is ;
=  Gone. (o x a lp r o p io n ic ) =  con stan t,
dt C o n e .(C O  )
Hence/
Hence the co n cen tra tion  o f  carbon  monoxide in  the 
l iq u id  must d im in ish  a t  the same speed as  the r e a c t in g  
substance . Th is may happen f o r  s e v e ra l d i f f e r e n t  
reason s; i t  i s  s u f f i c ie n t  to assume th a t  the gas i s  
much le s s  s o lu b le  in  the e s te r -m ix tu re .
As re ga rd s  the reason , f o r  th is  fu n c t io n  o f  the 
carbon monoxide, i t  i s  p o s s ib le  to make a gu ess .
Whatever view  we take  o f  atom ic and m o lecu la r s t ru c tu re ,  
i t  i s  c e r ta in  th at th e  f r e s h ly - l i b e r a t e d  carbon  mon­
o x id e , b e s id e s  con ta in in g  a g re a t  excess o f  energy , 
w i l l  be so a rran ged  as to le a v e  two f r e e  p o s it iv e  
v a le n c ie s  (=C=0 o r  C : ' ; .
Z  c : ' o :  )
However r a p id ly  th is  changes to the s t a b le  form , 
the f i e l d s  o f  fo r c e  due to these v a le n c ie s  w i l l  have  
the power to in f lu e n c e  the c o n fig u ra t io n  o f  n e igh bou r­
in g  m o lecu les , even though no in te rm ed ia te  compound 
be form ed. I t  i s  to such an a c t io n  as t h i s ,  th at  
Bjerrum  (Z e i t .  f .  Phys. Chem. 108, 8 2 , )  has r e c e n t ly  
g iven  the su g g e s t iv e  name o f  “ deform ation  c a t a l y s i s . “
I t  on ly  remains to e x p la in , why the tem perature  
c o e f f ic ie n t  o f  the ’ s lo w ’ r e a c t io n  shou ld  be  n e a r ly  
tw ice  that o f  the normal
i . e .  In te rm itte n t  00g : Q = 55,600 c a ls . (E t h o x y . )
No CO : Q = 01,200 c a l s . (M e t h y l . )
I f  ou r assum ption i s  r i g h t ,  th is  means th a t , in  
both  c a se s , the o x a la c e t ic  m olecu le  must abso rb  very  
much/
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much more energy i f  i t  i s  to d i s s o c ia t e , in  the fa c e  o f
re s is ta n c e  by the carbon  monoxide m o lecu le s . Such
e
h igh  va lu e s  o f  Q a re  o fte n  found in  heterogenous
re a c t io n s . A l i t t l e  r e f l e c t i o n  w i l l  show, th a t  we
e
are  p ro b ab ly  not m easuring a homogenous r e a c t io n -
A
v e lo c it y  h e r e ?f o r  the o x a la c e t ic  e s t e r  has to p roduce , 
by d is s o c ia t io n ,  carbon  monoxide w ith  s u f f i c ie n t  
energy to le a v e  the s u r fa c e  o f  the l i q u id .
RADIATION EXPERIMENTS.
The b e l i e f  in  the in te rv e n t io n  o f  r a d ia t io n  in  
a l l  Chemical changes re c e iv e s  i t s  most d ir e c t  support  
from the number o f  r e a c t io n s ,  which p roceed  in  the  
dark bu t which can be ve ry  much a c c e le ra te d  by l i g h t .  
(C f. For in stan ce  Dhars T ran s . F a rad . Soc. XV II (3 )  
001) .  In  c o n tra s t  to th o se , many re a c t io n s  a re  
brought about under the in f lu e n c e  o f  l i g h t  ( o f  a 
d e f in i t e  re g io n  o f  the spectrum ) bu t do not occu r in  
the dark . Among the l a t t e r ,  the d is s o c ia t io n  o f  
o rgan ic  compounds to g iv e  carbon monoxide i s  f a i r l y  
common. Thus phosgene, formamide, aceton e , fenchone  
and d ie th y l ketone e a s i ly  s p l i t  o f f  carbon monoxide 
when illu m in a te d  under c e r t a in  c o n d it io n s .
Eg. CH3 .C0.0H3 =  00 +  aH3CH3
Thus we have some grounds f o r  expectin g  a ketone,
such/
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such as o x a lp ro p io n ic  e s t e r ,  to d is s o c ia t e  photo ­
chem ical l y .  Th is exp ec ta t io n  i s  ve ry  much enhanced,
by the fa c t  th a t  ortho-d iketones h av e : r e c e n t ly ,  been  
shown to g iv e  carbon  m onoxide, when i l lu m in a te d  by  
u l t r a v io le t  l i g h t  ( J . Amer. C .S . 45, 1827 ). B e n z il  
vapour g iv e s  benzophenone, w h ile  d ia c e ty l  vapour g iv e s  
ethane in  th is  way.
None o f  the compounds examined, however, show 
d e f in i t e  ev idence o f  decomposing as a r e s u lt  o f  
i l lu m in a t io n  a lo n e . The e x is te n c e  o f  an in d u c tio n  
p e r io d  has a lre a d y  been put fo rw a rd  as a reason  f o r  
the absence o f  photochem ical a c t io n . Noyes and Kouperman 
found th at the photochem ical decom position  o f  o x a l ic  
ac id  i t s e l f ,  by u l t r a v i o l e t  l i g h t ,  was preceded  by a 
long  in d u c tion  p e r io d . ( J . Amer. C .S . 45 , 1398 ). That 
th is  i s  the r e a l  e x p la n a t io n , i s  rendered  im probable  
by the r e s u lt  o f  e xp t . LXXXIV (t a b le  32.), where the  
substance was a c t u a l ly  decomposing,when exposed to  
the l i g h t .
The f a i l u r e  o f  th ese  experim ents i s  o f  im portance, 
from two d is t in c t  s ta n d p o in ts . We know, from  the 
ab so rp tio n  s p e c t ra , th at these  d e r iv a t iv e s  o f  o x a l -  
a c e t ic  e s te r  a b so rb  l i g h t  s t r o n g ly ,  o ve r a w ide re g io n  
in  the u l t r a v i o l e t ;  y e t the excess energy , a cq u ired  
in  th is  way, does not seem a b le  to s t im u la te  d i s ­
s o c ia t io n . Now, acco rd in g  to B a ly , such a band i s  
c h a ra c t e r is t ic  o f  the change between two quantum s ta te s  
o r/
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o r  phases o f  the m olecu le j by  exposing  a substance to 
l i g h t  which i t  a b so rb s , we convert i t  in to  a "more 
r e a c t iv e  phase" -  an id e a , which ou r experim ents do 
not con firm . There i s  some rea so n  th e n ,fo r  th in k in g  
th at th is  a b so rp t io n  i s  due to the change, "k e to “ -— *•
" e n o l" ,  as has been  supposed by Hantzsch and o th e rs .
In  the second p la c e ,  they show th at the L e w is -  
P e r r in  h y p o th e s is , in  i t s  sim ple form , does not ap p ly .  
This r e s u l t  i s  in  agreement w ith  a l l  o th e r  c a se s ,  
where the theory has been su b je c t  to d ir e c t  t e s t  -  
w ith  perhaps,one  excep tio n . (T r ie th y l  su lph in e  brom ide  
has been found to show an a b so rp t io n  band a t  the  
frequen cy  c a lc u la te d  from i t s  v e lo c it y  tem perature -  
c o e f f i c i e n t ) .
I t  does not fo l lo w  from t h i s ,  however, th at  
r a d ia t io n  cannot p la y  a p a r t  in  every  re a c t io n ;
Two conceptions su ggest them selves as to why the crude  
r e la t io n  o f  P e r r in  and Lew is does not f i t  the f a c t s .
( a )  Assuming the t ru th  o f  the E in s te in  photochem ical 
law , the quantum ,necessary to decompose the m o lecu le , 
may be c h a r a c t e r is t ic  o f  the energy o f  one o f  the  
in t e rn a l  modes o f  m otion and not o f  the t o t a l  c r i t i c a l  
energy . (See Langm uir J . Amer. C .S . 42, 2190 ).
(b )  Most "u n im o lecu la r" re a c t io n s  o f  m easurable speed, 
p ro b ab ly  take p la c e  in  two s ta g e s , w ith  the a s s is ta n c e  
o f  a c a t a ly s t .  We can rep re sen t the u n ca ta ly sed  
re a c t io n  by
AB/
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AB -----^ A +  B (1 )
and, where X I s  the c a t a ly s t ,  by
JAB + X — )• AX +  B (2 )
1 AX —— »  A f X  (3 )
L e t  the h eats  o f  a c t iv a t io n  be r e s p e c t iv e ly  Q , 
q^ and qg. Now i f  (1 ) i s  immeasurably s low , u n le ss  
when X i s  added, then Q must be con s id e rab ly  
g re a te r  than q^ o r  qg. I t  does not fo l lo w ,  as 
J .J .  Thomson assumed, th at 0-1 +  0-2 ~
I f  q2 i s  g re a te r  than q.̂  , then re a c t io n  (3 ) w i l l  
determ ine the speed o f  the p rocess  and our measurement 
o f  tem perature c o e f f ic ie n t  w i l l  g iv e  us the va lu e  o f  
qg . Now, i f  the c a t a ly s t  i s  in e f f e c t iv e  in  the photo­
chem ical d is s o c ia t io n  o f  AB , the n ecessary  quantum 
w i l l  be determ ined by Q = Nhv • As there  i s  no 
n ecessary  r e la t io n  between Q and qg , we can see  
why the method o f  Lew is i s  u n su cce ss fu l in  p re d ic t in g  
the a c t iv e  frequ en cy . I t  i s  im portant to note here  
th at w ith  the g iven  con d ition  , q2 q^ , the re a c t io n  
w i l l  remain a un im o lecu la r p ro c e ss .
*
HEAT OF ACTIVATION AND LIFE OF AN ACTIVE MOLECULE.
The g ra p h ic a l method o f  examining the r e s u l t s ,  
shows th at ethoxy-and phenyl- o x a la c e t ic ,  o x a l-p ro p io n ic  
and o x a lsu c c in ic  e s te rs  decompose in  conform ity w ith  
the/
t h e  A r r h e n i u s  l a w .  T h i s  i n  i t s e l f , i s  o f  l i t t l e  im -
e
portanoe f o r ,  in  n e a r ly  a l l  homogenous chem ical r e ­
a c t io n s , the law  h o ld s  good. The va lu es  o f  Q and A 
in  the equation  k = ^  e ’VR T  , however, a re  o f  
g re a t  in t e r e s t .  We f in d  th a t , w ith  one excep tion ,
Q l i e s  between 33,000 and 36,000 c a lo r ie s  and 
B (=  log -j^A ) i s  about 13 to 14. An exam ination o f  
the a v a i la b le  data Bhows th a t  Q, and B , f o r  o th e r  
un im o lecu la r r e a c t io n s , g e n e ra l ly  l i e  c lo se  to these  
numbers and we a re , th e re fo re , j u s t i f i e d  in  conclud ing  
th at we have been a c tu a lly  m easuring the v e lo c ity  o f  
a chemical change, not o f  some accompanying p h y s ic a l  
process  (such as d i f f u s i o n ) .
I t  i s  a rem arkable f a c t  th at the va lue  o f  Q , 
f o r  p r a c t ic a l ly  a l l  un im o locu la r r e a c t io n s , l i e s  so 
c lo se  to 30,000 c a lo r ie s  -  as w i l l  be seen on r e ­
fe r r in g  to the ta b le s  p repared  by C h ris t ian sen  and 
Kramers and by von Halban (Z e i t .  f .  Phys. Chem. 104, 
470 and 67, 174 ). The agreement s t i l l  h o lds when we 
a re  d ea lin g  w ith  those p seudo -un im o lecu lar re a c t io n s ,  
in  which the so lv en t  p la y s  a p a r t .  Even the one 
au th en tic  un im o lecu lar g a s -r e a c t io n  has a va lue  o f  
Q not f a r  removed from 30,000 (=  24,800 c a l s . )
Now, there  i s  no doubt that Q i s  the amount o f  
energy which must be a cq u ired , in  some way, by the  
m olecu le , b e fo re  i t  w i l l  r e a c t j bu t we must remember, 
that the range o f  v e lo c i t i e s ,  which we can detect o r  
measure/
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measure in  a la b o ra to ry ,  i s  com parative ly  sm a ll. On 
the one hand, we cannot d i r e c t ly  estim ate v e lo c i t i e s ,  
where the h a l f  p e r io d  i s  l e s s  than 2 -3  seconds and on 
the o th e r , those whose h a l f -p e r io d  i s  lo n g e r  than  
10 -  20 days. Thus the constancy o f  Q i s  p o s s ib ly  
an outcome o f  the f a c t ,  that we on ly  deal w ith  m ole­
c u le s , whose s t a b i l i t y  l i e s  w ith in  w e l l  d e fin ed  l im i t s .  
An exp lan ation  s im ila r  to th is  was f i r s t  in troduced  
by B odenste in , to e x p la in  the "R .G .T . ru le "  f o r  a l l  
Chemical r e a c t io n s .
In  th is  connection , an o b se rv a t io n  due to von 
H alban i s  a ls o  o f  in t e r e s t  -  nam ely, that un im o lecu la r  
r e a c t io n -v e lo c i t ie s  are  much more dependent on change 
o f  tem perature, than those o f  h ig h e r  o rd e r . Expressed  
o th e rw ise , th is  means that we must g iv e  more energy to  
a s in g le  m olecu le , than to a m o lecu la r complex, to  
cause chemical re a c t io n . I t  i s  th e re fo re  o f  some 
im portance to f in d  that the va lu e s  o f  Q in  the  
"koh lenoxydspaltung" a re  very  h igh , even f o r  a u n i ­
m o lecu la r re a c t io n . Only in  th ree  o f  the re a c t io n s  
m entioned in  the above t a b le s ,  does Q reach  so n ea r  
to 36,000 c a lo r ie s .  (N .B . In  von H a lb a n 's  t a b le :
Q = 2»3 R "A" =  4 .6  "A H ) .  As re ga rd s  the v a lu e  o f
44,300 c a l s . ,  f o r  the phenyl compound, no au th en tic
e
homogenous re a c t io n  has yet shown such a la r g e  heat
A
o f  a c t iv a t io n .
The va lues  o f  B , the in t e g ra t io n  constan t, 
g e n e ra lly /
g e n e ra l ly  show a s im i la r  con sisten cy  and ou r r e a c t io n
i s  very c lo se  to the average  w ith  13 o r  14 (a g a in
ig n o r in g  the phenyl d e r iv a t iv e ) .  In  t a b le  31. the
va lue  o f  — , the average  l i f e  o f  an a c t iv e  m olecu le
(see  P a rt  I I )  has been c a lc u la te d  in  each case (where
-13  -14-
B = l o g ^ A ) .  The v a lu e  o f  10 -  10 secs w i l l
be shown, in  p a r t  I I  o f  th is  t h e s is ,  to be in  a g re e ­
ment w ith  the conception  o f  a c t iv a t io n  by c o l l i s i o n .
The v a r ia t io n  in  the v a lu e s  o f  Q and B , due 
to the change o f  the su b s t itu e n t  group R , shows a t  
once one r e g u la r i t y :  the va lu e s  o f  the two constants  
vary  in  a rough ly  p ro p o rt io n a l manner -  Q in c re a s in g ,  
when B in c re a s e s , and s im i la r ly  f o r  a d ec rease , 
'm utatis  m utand is ’ . This i s  seen more c le a r ly  from  
the va lu es  o f  ^/g (g iv e n  in  the t a b le  3 1 ), which  
are  rough ly  constan t» The on ly  r e s u lt s  a v a i la b le ,  
f o r  com parison, a re  those o f  N ic o l l  and Gain (J *C *S .
83, 470) f o r  the v e lo c it y  o f  the changes
R *”  °6 H4 ,N2*G1 + H2° -----> R»C6H4 .0H f  Ng 4 HOI,
where the group R was su b je c t  to v a r ia t io n .
The va lu es  o f  Q and B (borrow ed from C h ris t ian sen  





-  H . 24,300 13.6 1790
o-CHg 25,100 14.6 1720
m-CH3 22,900 13.0 1760
p-CH5 27,900 15.0 1860
p - s o 3h 28,200 14.9 1890
(m-NOg 30,500 15.0 2030 )
Though, s t r i c t l y  speak ing , th is  i s  a b im o le c u la r
re a c t io n  i t  i s  obv ious that the r e la t io n  aga in  i s
v a l id .  Th is p o in t , so f a r  as the w r i t e r  knows, has
n ever b e fo re  been n o t ic e d .
E x ac t ly  the same p a r a l le l is m  between Q and B
i s  found, when the v a r ia t io n s  a re  produced, not by
changing the m o lecu le , bu t by u s in g  d i f f e r e n t  s o lv e n ts ,
w ith  the same substan ce . This i s  shown by the r e s u lt s
o f  von Halban on the d is s o c ia t io n  o f  a quaternary
ammonium bromide in  chloroform ,brom oform  and t e t r a -
ch lorethane (B e r . 41, 2417) and on the d is s o c ia t io n  o f
t r ie t h y l  su lph ine  brom ide in  s i x  d i f f e r e n t  s o lv e n ts .
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(C f .  A lso  P aw s itt  and Burrows*, J .C .S . *  and Lueck; J . 
Amer. C .S . 44, 7 5 7 ). The phenomenon throws an in t e r e s t ­
in g  l i g h t  on the natu re  o f  so lv en t  c a t a ly s i s ,  f o r ,  
a c t u a l ly ,  the so lv en t  seems ab le  to a f f e c t  the 
s t a b i l i t y  o f  the m olecu le in  e x a c t ly  the same way as  
the s u b s t itu t io n  o f  a new group . There i s  thus reason
f o r  assum ing, that the so lv en t can d is t o r t  the m ole­
cu le/
m olecule ju s t  as the In tro d u c t io n  o f  a group o f  la r g e
m o lecu la r volume would.
The f a c t ,  th a t the a c t iv e  l i f e  o f  the m olecu le
v a r ie s  in v e rs e ly  as the h eat o f  a c t iv a t io n  i s  in
accordance w ith  the id e a s  o f  Bohr, in  the re g io n  o f
atomic s t ru c tu re . An atom in  an M e n e rg y -r ic h 1'“ s ta te
has a much sm a lle r  chance o f  s u r v iv a l ,  than one, which
i s  near the norm al. Thus,the meaning g iv en  by
C h ris t ian sen  and Kramers to A in  the equation  
“ Q /rtK = A e re c e iv e s  in d ir e c t  con firm ation , from
th is  f a c t .  I t  may be po in ted  o u t , in  p a s s in g , th at
we have h e re , a c lu e  to  the p a r t i a l  success o f  the 
equation  o f  Dushman,who took A = V , where Q =  Nh v , 
o r  in  o th er ?rords «/ a  = constant (N h ), (See P a r t  I I ,  
p . 119)
LIQUID REACTIONS.
I t  w i l l  be n o t ic e d , on exam ining the known u n i -  
m olecu lar re a c t io n s  in  the l i q u id  s t a t e ,t h a t  a so lv en t  
i s  u s u a l ly  employed -  g e n e r a l ly ,  in  f a c t ,  in  much 
g re a te r  q u an tity  than the re a c t in g  substance . Only  
one case where the pure substance has been u sed , i s  
known -  the decom position o f  fu sed  m alon ic a c id
(H inshelwood J .C .S . 117. 156 ). H ere , however, th ere
app a ren tly
was some abnormal f a c t o r ,  f o r  the r e s u lt s ^ d id  not obey  
the A rrhen iu s law . The Mkoh lenoxydspaltung” i s  th e re ­
fo r e  a unique re a c t io n , in  th a t  i t  i s  the on ly  case  
where/
where a pure l i q u id  d is s o c ia t e s  norm ally  a cco rd in g  to 
the un im o lecu la r law .
I t  has been su ggested , th at the decom position  o f  
a pure l iq u id  should d i f f e r  g r e a t ly  from th at o f  a 
so lu t io n  o f  the same su bstan ce , bu t the r e s u l t s ,  h e re ,  
show that su ggest ion  to be unfounded. In  f a c t ,  i t  
may be questioned  w hether, r e a l l y ,  th ere  i s  any d i f ­
fe ren ce  between a u n im o lecu la r gas re a c t io n  and the 
same p rocess  in  s o lu t io n , fo r  n it ro g e n  pen tox ide  g iv e s  
the same v a lu e s , app rox im ate ly , o f  Q and B , whether 
the re a c t io n  occur in  the gaseous s ta te  o r  in  s o lu t io n  
in  ch loro form .
AUTOQATALYSIS.
The s t r ik in g  and unexpected  d i f fe r e n c e  
in  the behav iou r o f  p h e n y lo x a la c e t ic  e s t e r  remains to 
be exp la in ed . P o s it iv e  a u t o -c a t a ly t ic  u n im o lecu la r
un
re a c t io n s  a re  not^known. K u llg re e n  (Z e i t .  f .  Phys. 
Ohem. 41, 407) found th at the in v e rs io n  o f  aqueous 
cane su ga r, in  the absence o f  a c id , fo l lo w e d  the  
equation  ,
§  ■
-  the e f f e c t  b e in g  subsequently  t ra c e d  to an a c id  , 
form ed from the ’ in v e r t *  su g a rs . The h y d ro ly s is  o f  
methyl a c e ta te , by a c e t ic  a c id ,  i s  o f  the same type  
f o r  the a c e t ic  a c id  formed c a ta ly se s  the r e a c t io n .  
(O stw ald/
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(O stw ald , J . p ra c t .  Ohem. 28, 449)
I t  i s  rea son ab le  to suppose, that the c ircum stan ces , 
which lo a d  to an a u to c a ta ly t ic  con stan t, w ith  the 
phenyl compound, a re  la t e n t  in  the case o f  the o th e r  
fo u r  d e r iv a t iv e s .  This view i s  supported  by two con­
s id e ra t io n s :  (a )  The decom position  o f  o x a lp ro p io n ic
e s t e r ,  in  every case , shows d is t in c t  tra c e s  o f  a la g  
a t  the beg in n in g  o f  the experim ent, such as we shou ld  
expect, i f  the re a c t io n  were a u to c a ta ly t ic  du rin g  th is  
i n i t i a l  p e r io d . Thus the tim es, e la p s in g  between the 
" s t a r t "  and t c , a re  r e s p e c t iv e ly  13, 8 , 13 and 6 .5  
m inutes, whereas i t  i s  e v id en t, from the o x a ls u c c in ic  
r e s u l t s ,  th a t 2 m inutes i s  q u ite  s u f f i c i e n t ,  f o r  the  
attainm ent o f  eq u ilib r iu m  w ith  the b a th . (O f .  E xp t.
XCI, t a b le  23,p.6^.) In  the form er case then , the
e f f e c t iv e  concen tration  o f  the methyl m alon ic e s te r  
m olecu les p ro bab ly  takes a l i t t l e  time to reach  a 
constant v a lu e . (b )  The experim ents w ith  the d i lu t e  
p re p a ra t io n  o f  the phenyl d e r iv a t iv e ,  show th at i t  
i s  p o s s ib le  to o b ta in  very  s a t is fa c t o r y  agreement w ith  
the un im o lecu la r law , even when the re a c t io n  i s  known 
to p roceed , in  f a c t ,  o th e rw ise , (t a b le s  26 to 2 8 ).
We get an even c le a r e r  p ic tu re  o f  the p o s s ib le  
s ta te  o f  a f f a i r s ,  when we co n s id e r  the case  o f  
O stw a ld 's  re a o t io n  (m entioned a b o v e ), i f  we u se
a c e t ic  a c id , as a c a ta ly s t  f o r  the h y d ro ly s is  o f  
m ethyl/
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methyl a c e ta te , the a c id  produced g iv e s  s u f f i c i e n t  H ‘ 
to  in flu e n c e  the v e lo c it y  and the re a c t io n  i s  au to ­
c a t a ly t ic .  I f ,  on the o th e r  hand, we use  h y d ro c h lo r ic  
a c id , the in flu e n c e  o f  the a c e t ic  a c id  form ed i s  
n e g l i g ib le  and the u n irao lecu la r law  i s  fo l lo w e d .
i . e .  dx -  k . x  (a  -  x )  becomes ~  = k (a  -  x ) .  
dt 1 dt *
We have a lre a d y  exp la in ed  how the u n im o lecu la r con stan t,
kg , becomes = k^ a , where k^ =  tru e  a u to c a t a ly t ic
constan t.
I f  the energy o f  a c t iv a t io n  i s  a cq u ired  by  
c o l l i s i o n ,  those m o lecu le s , in  the system , which con­
t a in  the g re a te s t  amount o f  in t e rn a l  o r  k in e t ic  energy , 
w i l l  be most e f f e c t iv e  in  a c t iv a t in g  the re a c t in g  
m olecu les . Now the fre sh ly -fo rm e d  p rodu ct ( in  th is  
case the phenylm alonic e s te r  m o lecu le ) w i l l  be h ig h ly  
en e rg ised , because i t  s t i l l  con ta in s the h eat o f  
a c t iv a t io n  which was n ecessa ry  to b r in g  i t  in to  the  
a c t iv e  s t a t e .  Thus the c o l l i s i o n s  between the in ­
a c t iv e  re ac tan ts  and the a c t iv e  r e s u lt a n t s ,  w i l l  be  
the most f r u i t f u l  source o f  a c t iv e  re a c ta n ts  -  a con­
cep tion  o f  un im o lecu la r re a c t io n  due to C h r is t ia n se n  
and Kramers ( lo c .  c i t . ) .  In  p a r t  I I  o f  th is  t h e s is ,  
the consequences o f  th is  assum ption a re  developed  
m athem atica lly , and i t  i s  p re d ic te d  -  th a t in  such a 
r e a c t io n ,where the d e a c t iv a t io n  o f  the p roducts  i s  
r e v e r s ib le ,  the re a c t io n  w i l l  be a u t o c a t a ly t ic .
Thus/
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Thus the beh av iou r o f  p h e n y l-o x a la c e t ic  e s t e r  
i s  s tron g  evidence in  fa v o u r  o f  C h r is t ia n se n  and 
K ram er's assum ption. T h e ir  own m athem atical d ed u ction s , 
from the same assum ption, do not le a d  to t h is  con­
c lu s io n  but th a t w i l l  be shown to  be  due to the f a c t ,  
that they v i r t u a l l y  assume sim ple ’A r rh e n iu s ' e q u i l i ­
brium , between a c t iv e  and in a c t iv e  m o lecu le s .
We have supposed, o f  cou rse , th a t the p h en y l-  
m alonic e s t e r  and not the carbon m on ox ide ,is  the  
c a t a ly s t ,  s in ce  the l a t t e r  i s  con tin uously  removed.
We a re  fa c e d , however, w ith  the d i f f i c u l t y ,  th a t one 
o f  the products re ta rd s  the re a c t io n , and the o th e r  
a c c e le ra te s  i t .  T h i3 oan be s im p li f ie d  by assum ing, 
that the prim ary e f f e c t  i s  the p o s i t iv e  c a t a ly s is  by  
the m a lo n ic -e s te r  d e r iv a t iv e ,  and th at the s m a lle r ,  
carbon-m onoxide m olecu les m erely in h ib i t  th is  a c t io n ,  
by g e t t in g  in  the way -  t h e ir  nascent v a le n c ie s  coming 
in to  p la y ,  as a lre a d y  suggested* I t  would seem, then , 
th at the la r g e r  m olecu le c a r r ie s  away a much g r e a te r  
share o f  the a c t iv a t io n  energy . A sim ple e xp lan a tio n  
o f  th is  i s  g iven  by the p r in c ip le  o f  e q u ip a r t it io n  
o f  energy . Just b e fo re  d is s o c ia t in g ,  the t o t a l  in ­
te rn a l energy w i l l  be e q u a lly  d is t r ib u t e d  between the  
numerous degrees o f  freedom o f  the m o lecu le . When 
the m olecu le s p l i t s ,  the more complex p a rt -m o le c u le
w i l l  con ta in  more energy in  v ir tu e  o f  i t s  g r e a te r  
number/
I l l
number o f  degrees o f  freedom  (E .g .  Phenyl m alon ic e s t e r  
has 33 atoms, as compared! w ith  2 in  carbon monoxide. ) 
The e x c e p t io n a lly  la r g e  heat o f  a c t iv a t io n  
(44,300 c a l s ) i s  in  agreement w ith  the above h yp o th es is  
f o r  the m olecu les o f  the R eac tion  p rod u ct, which con­
t a in  t h is ,  w i l l  show more tendency than w ith  the o th e r
d e r iv a t iv e s ,  to hand back th e ir  energy to the re a c ta n ts
i -  - 2 0
The va lue  o f  the ’ a c t iv e  l i f e 1, (A = 10 s e c s . )
th ere
makes i t  c e r ta in  th at h e r e ,Ai s  no e q u ilib r iu m  between  
a c t iv e  and in a c t iv e  m o lecu les ; f o r  the m olecu le  rem ains 
a c t iv e ,  on the ave rage , f o r  10 o f  the tim e, taken by  
a c o l l i s i o n .
The d iscovery  o f  th is  a u to c a ta ly t ic  change sheds
a new l i g h t ,  on the qu estion  o f  u n im o lecu la r r e a c t io n ,
f o r  h e re , a t  l e a s t ,  we have d ir e c t  evidence o f  the
r o le  p layed  by c o l l i s i o n s 7in  the p ro c e s s . F u rth e r ,
there  i s  noth ing in  the n atu re  o f  th in g s , to p reven t
a l l  known un im o lecu la r re a c t io n s  from  b e in g , as h e re ,
%
a u to c a ta ly t ic  re a c t io n s  in  d is g u is e .
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THE THEORY OF THE UNIMOLECULAR REACTION.
I t  has lon g  been r e a l i s e d  th at i t  i 3 im p o ss ib le  
to account, by a sim ple a p p lic a t io n  o f  k in e t ic  th eo ry , 
f o r  the enormous in c re a se  in  the v e lo c it y  o f  chem ical 
re a c t io n s , when the tem perature i s  r a is e d .  The ob ­
served  a c c e le ra t io n , in deed , i s  a hundred tim es th a t  
c a lc u la te d  from the in c re a s e , due to tem perature , in  
the number o f  c o l l i s i o n s .  Now ,Arrhen ius (Z e i t .  f .
Phys. Chem. 4 , 226) found , in  1889, th a t  the in f lu e n c e  
o f  tem perature on the v e lo c it y  constant cou ld  be  
rep resen ted  by the equation :
f e ( K > g K > -  f ,B  <*>
»  a r e la t io n  which has s in ce  been  v e r i f i e d  in  numerous 
in s tan ce s . A rrh en iu s  assumed th at two k inds o f  
m olecu les -  " a c t iv e s "  and “p a s s iv e s "  -  e x is t e d  in  
eq u ilib r iu m  and that the fo rm er, which would be  
presen t in  very sm all co n cen tra t io n , were a lon e  capab le  
o f  r e a c t in g . He was u n a b le , however, to e x p la in  
r i g i d l y ,  why the “ eq u ilib r iu m " was d is p la c e d  so q u ic k ly  
by r i s e  o f  tem perature , as we must in f e r  i f  equation  
( a )  h o ld s .
PART 2.
In the case o f unimolecular reactions we are
11,3*
fa c e d  w ith  another fundam ental d i f f i c u l t y .  W ith  b l ­
and t r i -  m o lecu la r p ro c e sse s , we can e x p la in  the law  
o f  change on the b a s is  o f  the p r in c ip le  o f  "m a ss -a c t io n ” 
We assume, f o r  in s ta n c e , th a t a m olecu le  A w i l l  have  
a chance, which i s  p ro p o r t io n a l to i t s  co n cen tra t io n , 
(A } ,  o f  c o l l id in g  w ith , and th e re fo re  o f  com bining w ith  
a m olecule B . I f  A i s  decomposing u n im o le c u la r ly , the  
v e lo c it y  o f  change a t  any in s ta n t  w i l l  a g a in  be  found  
p ro p o rt io n a l to  [A ] but o b v io u s ly , we cannot e x p la in  
th is  on the same grounds as b e fo r e ,a s  th ere  seems no 
reason  to suppose th at A must c o l l i d e  w ith  another  
m olecu le , b e fo re  i t  d is s o c ia t e s .  To exp ress  the 
d i f f i c u l t y  in  another way: in  a u n im o lecu la r re a c t io n  
the law  o f  change i s  the same as in  a r a d io -a c t iv e  
tran sfo rm ation , nam ely, th a t  th e re  i s  a constan t p ro ­
b a b i l i t y  th a t a c e r t a in  m olecu le w i l l  decompose w ith in  
the next second.
k =  -  1 . dOn )
On dt
Why does th is  law  le a d  to  the A rrh en iu s  r e la t io n  
ju s t  as the law  o f  m ass -a c t io n  w ith  re a c t io n s  o f  
h ig h e r  order?
W ith in  the l a s t  ten  years,num erous s o lu t io n s  have  
been o f fe r e d  o f  these two d i f f i c u l t i e s .
RADIATION/
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O f th ese , the th eo ry , th at a l l  r e a c t io n s  p roceed  
by the a b so rp t io n  o f  the energy (Q ) as r a d ia t io n  o f  a 
c e r ta in  frequ en cy , has a t t r a c te d  most a t te n t io n . T h is  
id e a  f i r s t  o ccu rred  to  T rau tz  in  1906 and, independ­
e n t ly , to Lew is and P e r r in  in  1913, a l l  o f  whom de­
ve loped  a q u a n t ita t iv e  th eo ry . Lew is  & P e r r in  showed 
th at the frequency o f  the a c t iv e  r a d ia t io n ,  f o r  a 
u n im o lecu la r p ro c e s s , would be o b ta in e d  from the Q 
o f  A rrh e n iu s ' equation  by s e t t in g  Q =  N h y , where H 
i s  A v agad ro 's  number and h i s  P la n c k 's  con stan t.
A number o f  d ir e c t  experim ents, s in ce  th at tim e, have  
shown th a t  the theory i s  p ro b ab ly  q u ite  e rron eous.
I t  does not seem, however, to have been s u f f i c i e n t ly  
emphasised th at the argum ents, w ith  which the theory  
was supported , a re  open to s e r io u s  q u estio n .
F i r s t l y ,  no reason , save th at o f  s im p l ic i t y ,  i s  
g iven  as to why the a c t iv e  l i g h t  shou ld  be  m ono-chro­
m atic . S econd ly ,Lew is  (B «A . Rep. 1915, 394) shows 
on h is  assum ptions, th a t  the E in s te in  photochem ical 
law  must h o ld  f o r  therm al re a c t io n s  -  a f a c t  which he 
takes as a con firm ation  o f  th ese  assum ptions. As a
m atter o f  fa c t  Q =  NhD , i s  con ta ined  im p l ic i t ly  in
the two h ypoth eses : ( 1 ) th a t  the a c t iv e  r a d ia t io n  i s
monochromatic. (2 )  th a t  the P lanck  law  f o r  the
ra d ia t io n  from a b la c k  body i s  obeyed.
P e r r in 's /
RADIATION HYPOTHESIS.
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P e r r in 's  re a so n in g  (Ann. de Physique I I ,  6 , 1919) 
i s  a ls o  open to a t ta c k . He a s s e r t s  th a t d i lu t io n  and 
change o f  p re s su re  have no e f f e c t  on the v e lo c it y  con­
s tan t o f  a u n im o lecu la r gas r e a c t io n . The on ly  r e s u lt s  
a v a ila b le ,w h e n  he w ro te , -  those o f  T rau tz  & Bhandarkar 
f o r  phosphine -  (Z e i t .  Anorg . Ohem. 1919, 106, 9 5 )
have s in ce  been shown by H inshelwood (J .O .S . 125, 393,
e
1924) to app ly  to a heterogenous r e a c t io n . Three y ea rs
ago , D an ie ls  & Johnston (J . Amer. C .S . 45 , 53 ) showed
th at the therm al decom position  o f  n it ro g e n  pen tox ide
i s  u n in flu en ced  by change o f  p re s s u re . A t the lo w est
18p re ssu re  in  thefe^ experim ents, however, th ere  a re  10 
m olecu les to the c c . ,  w h ile  the changes o f  p re s su re  
employed were o f  the o rd e r  101. P e r r in  i s  th e re fo re  
begg in g  the q u e st io n , when he s t a t e s ,  th a t an i s o la t e d  
m olecu le would behave s im i la r ly .
As a m atter o f  f a c t ,  the r a d ia t io n  theory  o f  Lew is  
& P e r r in  does not m ention o r  e x p la in  why a l l  m o lecu les  
a re  not a b le  to b e n e f i t  by  the a c t iv e  r a d ia t io n .  F o r ,  
i f  so , a l l  the m olecu les would take an equal time to
absorb  the n ecessa ry  quantum and the decom position
.
would be in stan taneous y  a su gge st io n  due to Van t 'H o f f .  
The f a l l a c y  o f  suoh a co n c lu s io n , o f  cou rse , l i e s  in  
the f a c t ,  th at no account i s  taken o f  the d is t r ib u t io n  
o f  energy among the m o lecu le s , b e fo re  the r a d ia t io n  i s  
a p p lie d .
In  p o in t o f  f a c t ,  P e r r in  h im s e lf , a lm ost exposes
the/
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the main weakness o f  h is  argum ent. He adm its th at  
the number o f  very  v io le n t  c o l l i s i o n s  in c re a se s  s u f ­
f i c i e n t l y  w ith  tem perature , to account f o r  the e f f e c t  
o f  tem perature on re a c t io n  v e lo c it y  -  an id e a  which  
he d ism isse s , by say in g  th a t  such shocks produce io n s .  
This i s  not t ru e . There i s  no ev idence  th a t  p u re ly  
therm al io n is a t io n  has been ob se rved  in  any o f  the  
commoner g a se s . (R ichardson : “Em ission  o f  E l e c t r i c i t y  
from hot b o d ie s “ 2nd Ed. p . 3 1 4 ). Even i f  ion s  can 
be formed by c o l l i s i o n ,  when the m o lecu les  a re  r e ­
a c t in g , i t  i s  w e l l  known th a t  ion s a re  v e ry  e f f i c i e n t  
prom oters o f  chem ical r e a c t io n .
P ro bab ly  the forem ost c r i t i c  o f  the L e w is -P e r r in  
theory  i s  I r v in g  Langm uir (J . Amer. C .S . 42, 2190 ).
H is  c r it ic is m  i s ,  th a t the amount o f  energy r a d ia t e d  
from a b la c k  body, in  the neighbourhood o f  the  
c a lc u la te d  frequ en cy , i s  u t t e r ly  inadequate  to account 
f o r  observed  v e lo c i t i e s  o f  t h e r a a l  r e a c t io n s . Un­
fo r tu n a te ly ,  however, h is  c a lc u la t io n  i s  b a sed  on the  
erroneous r e s u lt s  o f  T rau tz  and Bhandarkar. A s im i la r  
c a lc u la t io n  has th e re fo re  been made f o r  the theim al 
decom position o f  ethoxy o x a la c e t ic  e s t e r  (s e e  P t .  1 ) 
U sin g  P la n c k 's  fo rm u la  f o r  the energy o f  a p a r t ic u la r  
w ave -len gth  in  the “hoh l-raum “ r a d ia t io n  -
E A dA =  _____1_______  4A
A \ 5 c h
e  A k T  -  I
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8 0 0 » - ,  the energy r a d ia te d  from  1 sq . cm. o f  s u r fa c e
a t  183° i s  2 .1  x 10 ^ e rg s/ se c .
The a b so lu te  v e lo c it y  constant a t  th is  temp. —
2 * 3
0.014 x g^T" and hence the energy re q u ire d  in  1 second
by 1 cc . (assum ing d e n s ity  =  1 ) (See t a b le  31 )
7
=  55,800 x  .014 x 2 .3  x 1 x 4 .2  x  10 e rgs
60 232
6
i . e .  3 x  10 e rg s .
13
The re q u ire d  energy i s  10 tim es th a t  a v a i la b le
in  the b la c k  body r a d ia t io n  from  1 sq . cm. and
Langm uir's  c r i t ic is m  i s  th e re fo re  v a l id .
The d isc repan cy  i s  so marked, th a t  one i s  le d  to 
specu la te  whether the whole o f  the therm al r a d ia t io n  
would be s u f f i c i e n t  to a c t iv a t e  the m olecu le  -  a 
su ggestion  which i s  the b a s is  o f  Tolm an 's theory  o f
u n im o lecu lar r e a c t io n s . U s in g  S t e fa n 's  equation
c -  - 5  4
E  =  5 .72 x 10 0
we f in d  t h a t 7a t  183°, the t o t a l  energy r a d ia te d  from
a
1 sq . cm. in  1 second i s  2 .4  x 10 e rg s . Thus i f  the
cc . o f  e s t e r  were en c losed  in  a c u b ic a l b o x ,th e re
would be about f i v e  tim es the n ecessa ry  amount o f
energy in  the r a d ia t io n .  The d is s o c ia t io n  o f  Ng05
&t 45° (E xp t. 7 )  g iv e s  the fo l lo w in g  r e s u l t s :
(  ” 4
(K  = 5 x 10 , p =  34.8 cm ., Q =  24,700 c a ls . j
Energy re q u ire d  du ring  f i r s t  second by 1 cc .
4
=  0 .9  x  10 e rg s .
T o ta l ra d ian t  energy from 6 sq . cm .: a l l  f re q u e n c ie s
g
= 3 .5  x 10 e r g s . / Sec.
we f in d ,  that fo r  a reg ion  o f  1 0 » near wave-length
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Hence in  th is  c a s e ,th e re  i s  ample energy f o r  the 
purpose . I t  i s  p o s s ib le ,  then , th a t i f  the e f f e c t iv e  
re g io n  o f  the spectrum i s  s u f f i c i e n t ly  b ro ad  and n ea r  
enough to the w ave -len g th  o f  maximum energy , th a t some 
r a d ia t io n  theory  may stand  exam ination  from th is  p o in t  
o f  v iew .
D esp ite  the f a i l u r e  o f  the p re sen t r a d ia t io n  
th e o ry , it  i s  su re ly  ev iden t th a t  the v ib r a t io n s  o f  a 
m olecu le w i l l  b e  in f lu e n c e d , in  some way, by  the
ra d ia t io n  f i e l d .  In  t h is  connection , we would quote
a statem ent o f  J ean s1; ”The m olecu les  and the e th e r  
must be rega rd ed  as fo rm in g  a s in g le  dynam ical system , 
the two co n stitu en t p a r t s  o f  which -  the m atter and 
the e th er -  in te rch an ge  energy f r e e ly  w ith  one another  
through the mechanism o f  r a d ia t io n ” . ( ” Dynamical Theory  
o f  Gases” , 2nd Ed. p . 2 2 5 ).
I t  i s  n o t , how ever, n ecessa ry  to p o s tu la te  the  
in te rv e n t io n  o f  r a d ia t io n  in  o rd e r  to d ispose  o f  the  
f i r s t  dilemma enunciated  a t  the s t a r t ,  f o r ,  in  1914, 
M arce lin  (Comptes Rendus 158, 116) showed,by means o f  
the Boltzm ann-G ibbs p r in c ip le , t h a t  i f  a m olecu le  r e ­
ac ts  when i t  has a cq u ired  an energy EQ in  excess o f
the norm al, then d ( lo g  K ) = Eq (o r  Q )
d ?  f f p S  R T 2
A rrh en iu s , in deed , had a lw ays rega rd ed  the Q 
o f  h is  equation  as the ”h eat o f  a c t iv a t io n ” , which  
must be su p p lie d  b e fo re  a m olecu le  becomes a c t iv e ,  
but on ly  now was t h is  id e a  and h is  equ a tion , i t s e l f ,  
p laced  on a sound t h e o r e t ic a l  b a s i s .  E0 , M a rc e lin /
H a re e lin  c a l le d  the ‘‘ c r i t i c a l  increm ent8* bu t  ho made 
no assum ptions as to how t h is  energy was a cq u ired «
The ex p lan a t io n  h o ld s  f o r  r e a c t io n s  o f  any o rd e r  and  
thus M a rc e lln  shows us how to  account f o r  both  o u r  
d i f f i c u l t i e s «
THE SECOND INTEGRATION CONSTANT.
Th is advance does not esfcauBt th e  q u e s t io n , f o r ,  
though i t  succeeds in  e x p la in in g  Q , th e re  i s  an o th er  
constant o f  whose meaning we a re  ign o ran t*
In t e g r a t in g  the above equ ation  wo o b ta in
+  R  ~  Q 4 t  B
! o g 0 K as f f  i . e .  K -  e  * e
- ^ T
(c )  o r  K =  S e  , where B =  lo g e S .
M a rce lin *o  work le a v e s  the in t e g r a t io n  co n stan t,
S , u n exp la in ed . T h is  q u a n t ity  i s  a frequ en cy , f o r
|L. i s  a pu re  number w h ile  K has the dim ension o f
frequency  {=  time : f i  I t  was su ggested  by  Bushman,
(J .  Amor. 0 * 3 . )  -that t h is  frequency  m ight b e  id e n t ic a l  
45, 405
w ith  th a t  o b ta in ed  by  assum ing Q to be  ab so rbed  in  
quanta (Q e  Hhy ) and the e x p re ss io n  f o r  a u n im o locu la r  
re a c t io n  would then become:
"  h v
& ~  V e —'2 . (d )
Bushman made no attem pt to g iv e  a  l o g i c a l  exp lana ­
t io n /
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exp lan a tio n  o f  th is  equ ation  and any v a l i d i t y  i t  may 
have* a r is e s  from i t s  agreem ent w ith  f a c t .  Tolman 
(J . Amer. C .S . 43, 269) found th a t D a n ie l ‘ s and 
Johnston^s r e s u lt s  were in  f a i r l y  good agreement w ith  
i t  and the r e s u lt s  o f  the w r i t e r  show the same th in g .  
(P a r t  1 ) Eg:
Methyl o x a la c e t ic  e s te r  a t  155°: ( A =  856 )
~3 , .
k (c a lc u la t e d )  = 1 .4  x 10 j k (o b s e rv e d ) = 1.9 x  10 .
S ev e ra l au th ors  have g iven  an e x p la n a t io n  o f  th is
fo rm u la  to account f o r  i t s  p a r t i a l  su cce ss . E .g .
R id e a l. (P h i l .  Mag. 1920, 40, 4 6 1 ). R ic e , McKeown &
L ew is . (P h i l .  Mag. 272, 46, 312 s e q . ) .  On the o th e r
hand,Langm uir (J . Amer. C .S . 42, 2199) and C h r is t ia n se n
(Z e i t .  f .  Phys. Chem. 105, 91 ) p r e f e r  to w r ite  the
form ula „
-  hO ~ Q/RT
k = U  ̂ 0  fcJRT Or = V j  e
-  the su p p o s it io n  o f  id e n t it y  o f  the two fre q u e n c ie s ,  
be in g  r e je c t e d .
Twol attem pts have been made to u se  a r a d ia t io n  
theory in  accounting f o r  constan t S by T rau tz  and 
Tolman (Z e i t ,  Anorg. Chem. 102, 81, 1918 and J . Amer. 
C .S . 42, 2506 ). In  bo th  c a se s , however, the p h y s ic a l  
p ic tu re  used  is  so crude and im probable  as to ju s t i f y  
our ign o r in g  the ra th e r  com plicated  esq>ressifens ob­
ta in ed . On the one ’ hand, T rau tz  supposes th a t a 
m olecule d is s o c ia t e s  when the two co n st itu en t  p a r t s  
c o l l id e /
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c o l l id e  w ith  each o th e r , w h ile  Tolman assumes th a t  
the m olecu le abso rbs  r a d ia t io n  o f  a l l  fr e q u e n c ie s .
Exact form ulae f o r  the v e lo c it y  o f  a u n im o lecu la r  
change based  on the assum ption o f  a c t iv a t io n  by  
c o l l is io n ,h a v e  been developed  by H e r z fe ld ,  (Ann. der  
Phys. 53, 61 3 ), Rodebush (J . Amer. O .S . 45 , 606) and 
J .J .  Thomson (P h i l .  Mag. 1924, 47 , 3 6 8 ).
\ of a l l  these fo rm u la e ,th e  one which g iv e s  us the  
most exact and p la u s ib le  conception  o f  the u n im o lecu la r  
p rocess  i s  that due to C h ris t ian sen ,w h ich  was l a t e r  
r e v is e d  and reco n s id e red  by C h r is t ia n se n  & Kramers in  
1923 (Z e i t .  f .  Phys. Chem. 104, 4 5 1 ). We a re  im pel­
le d  to accept t h i s ,  as the b e s t  treatm ent up to  d a te , 
f o r  the reason  th at th e  equation  i s  d e r iv e d  by  extend­
in g  the q u a n t ita t iv e  a p p lic a t io n  o f  the quantum th eo ry  
o f  s ta te s ,fro m  atomic to m o lecu la r phenomena. The 
s ta r t in g  p o in t  i s  the e x p re ss io n  due to E n ste in  f o r  
the number o f  m o lecu les in  mth s t a te  Nm = C Pm e  ^ A l T  
when the d is t r ib u t io n  is  determ ined by c o l l i s io n ,a n d  
where Pm i s  th e ‘ a p r i o r i ’ p r o b a b i l i t y  o f  the mth s ta te  
and Ejjj i s  the energy co rrespon d in g .
These authors assume th at the number o f  “ active**
(a )
m o lecu lesAi s  governed by th is  r e la t io n  b u t , a t  the  
same tim e, th at there  i s  a constant p r o b a b i l i t y  th a t  
an a c t iv e  m olecu le w i l l  decompose ch em ica lly . They 
denote by "A " , the p r o b a b i l i t y  than an a c t iv e  mole
i
ou le  w i l l  decompose w ith in  one second  
T h e ir/
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T h e ir  f i n a l  form ula i s
„  *• Ea -  EnPa ------- pm- —
k = A Pn e
-Where Pa =  a p r i o r i  p r o b a b i l i t y  o f  the s t a t e  “ a i!
Ea =  energy c h a r a c t e r is t ic  o f  the s ta te  "a "  and 
Pn and En r e f e r  to the normal s t a t e .  As the r a t io  
i s  known to be n e a r ly  1, and (Ea -  Eft) i s  r e a l l y  
what M a rce lin  c a l le d  the c r i t i c a l  increm ent we may 
w r it e
” e / rt . .
k =  A e j ( e )
•w hence A = S .
Now C h r is t ia n se n  & Kramers p o in t  out th a t  the
m olecu les formed by the spontaneous chem ical change 
w i l l  contain  a la r g e  amount o f  energy; f o r ,b e s id e s  the 
h eat energy l ib e r a t e d  by the chem ical a c t io n ,th e y  have  
the energy o f  a c t iv a t io n .  Thus these m o lecu les  w i l l  
be  b e s t  f i t t e d  to a c t iv a te  by c o l l i s i o n , a  f r e s h  m ole­
cu le  o f  the o r i g in a l  su bstan ce . The l a t t e r , i n  tu rn ,  
w i l l  decompose and then hand on i t s  e n e rg y ,in  a 
s im ila r  way, to a th ir d  in a c t iv e  m o lecu le . Thus 
" r e a c t io n  chains" may be form ed.
THE "ACTIVE L IFE” .
These au th o rs , then, have succeeded in  g iv in g  a 
d e f in i t e  p h y s ic a l meaning to the constant S o f
equation  (c )  -  nam ely} "th e  p r o b a b i l i t y  th at an a c t iv e  
m olecu le/
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m olecu le  w i l l  decompose in  one second '1 (A ) .  E xp ressed
in  the language o f  the d i f f e r e n t i a l  c a lc u lu s ,  A i s  the
f r a c t io n a l  change in  the number o f  a c t iv e  m olecu les
du ring  the sm all in t e r v a l  o f  time S t ,  d iv id e d  by th a t
in t e r v a l  o f  tim e.
(e )  A = -  Sca x  1 i , e * “ —  • =  A
S t Ca ^
(Where o th e r  methods o f  change in  Ca a re  ig n o re d )
Now th is  w i l l  be re co gn ised  as e x a c t ly  s im i la r  in  form
to the u n im o lecu la r constant f o r  the change -  rega rd ed
as a whole (E quation  (b )  )
i . e .  k =  -  1__  ̂ dOn where "n " r e f e r s  to the
dt normal m o lecu le s .
A may be regarded  as the " f r a g i l i t y "  o f  the a c t iv e  
m olecu les -  to borrow  an ex p re ss io n  from P e r r in .
Now we know th a t  l/ fe i s  the "a v e ra g e  l i f e "  o f  a
m olecule in  a un im o lecu la r change, ju s t  as l / \  i s
the average l i f e  o f  the r a d io a c t iv e  s p e c ie s ,  which i s  
d is in t e g r a t in g  accord ing  to the law  ?
1 log No = A (or A = -  1 dN )
t  f T  N -cTC
(For the p ro o f  o f  th is ,  see  R u th erfo rd  "R ad io  a c t iv e
Substances" (1912) p . 4 1 9 ).
For th is  reason  we se e , th a t l/ A , as d e fin e d  above,
must be the average  l i f e  o f  an a c t iv e  m o lecu le .
C h ris t ian sen  and Kram ers, however, f in d  the
anomaly that the time o f  d u ra t io n  o f  a c o l l i s i o n
■“ X3
(a s  estim ated by k in e t ic  theory  410 s e c . ) i s  g r e a t e r  
than/
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than the average  a c t iv e  l i f e ,  (10 s e c ) as o b ta in ed
from experim ent» In  such a case i t  would seem th a t ,
g e n e ra l ly  speak ing , there  w i l l  be l i t t l e  chance f o r  a
m olecu le to be d e a c t iv a te d  by a second c o l l i s i o n .
Thus, they conclude , a r e v e r s ib le  in te rch an ge  by
c o ll is io n s ,b e tw e e n  a c t iv e  and in a c t iv e  m o lecu les  i s  a
m is lead in g  conception  o f  the mechanism o f  re a c t io n
and the id e a  o f  " a c t iv e  m olecu les" lo s e s  i t s  p h y s ic a l
s ig n i f ic a n c e .
Now the "d u ra t io n  o f  a c o l l i s io n "  i s  an a r b i t r a r y
qu an tity  -  a rough estim ate  o f  the time taken by the
most v io le n t  p a r t  o f  the encounter. F u rth e r , the
—13
va lue  used  by C h r is t ia n se n  and Kramers (10 s e c )  
i s  an average  which a p p l i e s , t h e r e fo r e , to the c o l l i s i o n s  
between normal m o lecu les . On the o th e r  hand ,the  
c o l l i s io n s  which le a d  to a c t iv a t io n  a re ’ abnorm ally  
v io le n t .  In  these  c a se s ,th e  m olecu les  w i l l  approach  
and recede from  one another w ith  g r e a t e r  r e la t i v e  
v e lo c it y  than u s u a l ,  and from th is  g en e ra l c o n s id e ra ­
t io n ,  i t  i s  obv ious th at the time o f  such a c o l l i s i o n
»13
w i l l  be sm a lle r  than 10 s e c . .  Th is e xp ec ta t io n  i s
borne out by dynam ical treatm ent, as the approxim ate
form ula  f o r  the d u ra tio n  o f  a h a l f  c o l l i s i o n  i s  g iv en
by  Jeans (Dyn. theory  o f  g a s e s , 2nd E d it io n , p . 371)
„  - 8
as 10_ seo s .,w h e re  V i s  the r e la t i v e  v e lo c it y  o f  the
V
two m olecu les b e fo re  the encounter.
* I f  we assume w ith  C h r is t ia n se n  and K ram ersthat the




o f  the c o l l id in g  m o lecu le s , b e fo re  im pact, then th is  
t o t a l  K .E . w i l l  be Q 4 2q,where Q i s  the energy o f  
a c t iv a t io n ,  and <i i s  the average  k in e t ic  energy o f  a 
m olecu le .
I f  v  i s  t h e i r  r e la t i v e  v e lo c it y  and m t h e i r  mass
■§■ mv2 =  Q 4 2q .
Nq = 3RT , a t  45°C =  950 c a ls .  p e r  gm. m ol.
2 “
U sin g  D a n ie l 's  and Joh n ston 's  r e s u l t s :
NQ = 24,700 c a ls  , Nm (N205 ) =  108.
p  ry 1 0
i . e .  v = 2 x  26,600 x 4 .2  x 10 =  2 .1  x 10
108
i . e .  V = \/2 x 105 cm. / £©c
-  the r e la t i v e  v e lo c it y  o f  two m olecu les  b e fo r e  an 
a c t iv a t in g  c o l l i s i o n .
Hence time o f  an a c t iv a t in g  c o l l i s i o n  =
“ 3
in •<■ “ 14•iiL—  +5 = 7 x 10 s e c s .
V2 x 10
Thus the use  o f  J e an s ’ fo rm u la  shows, con tra ry  to
what we m ight have expected , th at the d u ra tio n  o f  such
a c o l l i s i o n  i s  very  l i t t l e  le s s  than a norm al one.
A t 45 °0 . f o r  D. & J 's  r e s u l t s ;
13 l
A =6-4 x 10 i . e .  j  (th e  l i f e  o f  an a c t iv e  m o lecu le )
-1 4
= 1.5  x 10 s e c s .
In  view  o f  the roiighness o f  these c a lc u la t io n s ,  
we can say , th a t  the maximum d u ra tio n  o f  an a c t iv a t in g  
c o l l i s i o n  i s  o f  the same o rd e r  o f  m agnitude as the 
" a c t iv e  l i f e " .  However the fo rm er d u ra t io n  may and  
w i l l /
1 2 6 .
w i l l  have sm a lle r  va lues-w hen  d e a c t iv a t io n  by  c o l l i s i o n  
w i l l  be q u ite  p o s s ib le .  C h r is t ia n s e n 's  and K ram er's  
d i f f i c u l t y  thus d is a p p e a rs .
The case fo r  the e x is ten ce  o f  " a c t iv e  m o le c u le s " , 
w i l l  be seen from the abo ve ,to  be  f a i r l y  w e ll  e s ta b ­
l is h e d  and a l l  the more so , s in ce  the in t ro d u c t io n  o f  
the theory  o f  s ta t io n a ry  s t a t e s .  Now, A rrh en iu s  
o r i g in a l l y  supposed th at the a c t iv e  m olecu les  would  
be in  sim ple e q u ilib r iu m  w ith  the in a c t iv e  m o lecu le s , 
i . e .  I f  Ca =  No. o f  a c t iv e  m olecu les ( a )  p e r  cc . and 
Cn =  No. o f  normal (n )  m o lecu les  p e r  cc .
(1 )  Ca =  Const. =  ek 
U n
-  the r a t io  ek b e in g  ve ry  sm a ll.
The a m olecu les d i f f e r  from the n m o le cu le s ,  
p r im a r i ly  in  the amount o f  energy they co n ta in  and 
we may suppose them to a cq u ire  th a t energy by c o l ­
l i s i o n  w ith  o th e r  m o lecu le s . In  the case o f  u n i -  
m olecu la r decom position ,as  has been m entioned, the  
m olecu les ( a !) form ed by d is s o c iâ t  ion  (from  the a c t iv e  
m o lecu le s ) w i l l  be ve ry  e n e rg e t ic  and, t h e r e fo r e ,  
m ain ly  in strum enta l in  a c t iv a t io n .  I f  th is  mechanism  
overpowers a l l  o th e rs , then the con cen tra tion  o f  a 
m olecu les w i l l  be determ ined by the p roduct o f  the  
NO. o f  n m olecu les  and the NO. o f  a 1 m olecu les  
p re sen t :
i . e .  (2 )  0a =  c4* Cn 0a ,
I t  i s  the purpose o f  the fo l lo w in g  to examine , 
how f a r  each o f  these  equations (1 and 2 ) i s  com patib le  
w ith /
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i » 9* “ 1 d^n _  ¡j. (c o n s t . )
On dt
with  obedience to the unim olecular law .
I .  ARRHENIUS EQUILIBRIUM.
The assum ption, we have made f o r  the p rocess  o f
re a c t io n , may be  rep re sen ted  -
n ---------* a  v a ’ .
\ “
The change a  ). a '  i s  assumed to take p la c e  l ik e  g
ra d io a c t iv e  o r  u n im o lecu la r one. i . e .  No. o f  m ole­
cu les  o f  a d is s o c ia t in g  p e r  se c . =  A Ca , 
where A has the meaning g iv en  by C h r is t ia n se n  and 
Kramers.No assum ption i s  made as to the change
a 1 — n ‘ -  the d e a c t iv a t io n  o f  the p ro d u c ts .
Now a m olecu les can change on ly  to a '  o r  to  
n m o lecu les . We may th e re fo re  say : the r a t e  o f  
decrease  o f  n m olecu les =  r a t e  o f  In c re a se  o f  a 
m olecu les +  r a t e  a t  which a m olecu les decompose 
spontaneously  to g iv e  a '  m o lecu le s .
i . e .  -  dOn =  dQa 4 A 0o (3 )
dt cn r  a
But from (1 ) Oa =  « O n
i . e .  dCa = & dCn
dt
i . e .  »» dOn =  a +  A cx On 
dt
i . e .  -  dGn ( 1 4 . « )  = ex a  On
dt
1 • dCn = cxA =  Constant a t
i . e .  -  On dt 1 -fcx (4 )  constant temp.
1 2 8 .
deduce from the thoery  o f  s t a t io n a ry  s ta te s
_  Ea -  En 
Ca = Pa e RT (5 )
On Pn
when P a , Pn a re  a p r i o r i  p r o b a b i l i t i e s  o f  the a th
and n th  s t a t e s ,  i . e .
o< — Pa e ~  En -  a constan t a t
pn constan t tem perature .
From (4 ) then the un im olecu lar constan t ,
-  (Ea -  En)
k = -  1 dCn = A K q
Instead  o f  the simple assumption (1 ) C. & K.
Cn dt Pn
1 f  Pa -  (Ea -  En)
Pn e RT
and s in ce  <X i s  ve ry  sm a ll,
k =  A £ |  <• - ' ^ 2- = -S s>  ( e )
Pn e RT
Th is i s  C. & K.'s fo rm u la  and the im portance o f  
the above i s  th a t th is  fo rm u la  i s  shown to fo l lo w  
in e v it a b ly  from the th ree  assum ptions;
(1 ) A rrh en iu s  e q u ilib r iu m  between a c t iv e  and 
in a c t iv e  m o lecu le s .
(2 ) Constant p r o b a b i l i t y  th at an a c t iv e  m olecu le  
w i l l  decompose spon tan eously .
(3 ) E stab lishm ent o f  e q u ilib r iu m  between a and n 
much more r a p id  than the spontaneous decom position  
o f  a .
Under these  c o n d it io n s , the method by which the 
a c t iv a te d  p roducts  lo s e  t h e i r  energy can have no 
in flu e n c e /
In flu en ce  on the constan t m easured, and the qu estion  
o f  re a c t io n  chains does not a r i s e .
I t  i s  o f  in t e r e s t  to estim ate  the r e la t i v e  p ro ­
p o rt io n  o f  a c t iv e  m o lecu le s . From (4 ) .
-4  -18
k _  1 0  = 1 0
o(A = k i . e .  «  s  a  “  10 1*
I I .  REACTION CHAINS:
I f  now we suppose the con cen tra tion  o f  a c t iv e  
m olecu les to he governed  by equation  (2 ) ,  two cases  
w i l l  a r is e  acco rd in g  as we assume the d e a c t iv a t io n  
o f  the p roducts to be r e v e r s ib le  o r  i r r e v e r s i b l e .
(a )  L e t  us assume, f i r s t ,  th a t t h is  p rocess  i s
r e v e r s i b le , i . e .  m ass -a c t io n  eq u ilib r iu m  between  
a 1’ and n ' . Then ou r p ic tu re  o f  the re a c t io n  i s : -  
n (+  a ’ )  *  a ------ > a f ^.....- N n ’ .
Then Ca ' =  f5 On’ (7 )  where (3 i s  sm a ll.
As b e fo re  -  32S =  %  +  A Ca (3 )
dt dt
-A nd  ap p ly in g  the same id e a  to the a '  m o lecu les  ,
dCn * = a  Ca “ <8 )
dt dt
F in a l ly  Ca =  ex’ On C a ' (2 )
-  the I n i t i a l  assum ption .
D i f f e r e n t ia t e  (7 )  and (2 )  w ith  re g a rd  to t  ,
dC a1 =  „ dCn' (9 )
dt I ~~at
dCa =  Cn dCa’ -  C a '. dCn (10 ) 





ft A 0a 
1 + ft
(12)
= -  1 dCn = A Ca + ft A Ca
On dt Cn_______ 1 t/a
1
On
Since the co n cen tra tion  o f  a c t iv e  m olecu les  (re a c ta n ts
o r  p ro d u c ts ) i s  ve ry  sm all then Ca and (3 a re  sm all
On
in  com parison w ith  1.
i . e .  k =  a  Ca ^ „ » « a  Oa =  A cx 1 (Ca » 4 [3 Ca ) (1 3 ) 
Cn
Now if: Oa and Ca t a re  o f  the same o rd e r  o f  magnitude
(as we shou ld  e x p ec t )
k =  A ex’ 0a , =  A c*1 f3 Cn t
Thus the u n im o lecu la r  constant i s  d i r e c t ly  p ro ­
p o r t io n a l to the co n cen tra t io n  (O n ')  o f  the m olecu les  
formed by the change, i . e .  An a u to c a t a ly t ic  re a c t io n  
w i l l  be found -  where the v e lo c it y  constant i s  o f  
the formi
i  dOa' = A Oa -  dOa1 i . e .  dOa ' =  A Oa =  
«  dt dt dt 1 + 1
i3
S u b s t itu te  (2 )  and (1 1 ) in  (1 0 ),
dOa = ex’ On jO =_ Oa + Oa . d On 
dt 1 + ft On dt
S u b s t itu te  v a lu e  o f  dOa from (3 )
dt
-  dOn -  A Ca =  ex' ft A Oa. Cn -f Oa , dOn
dt 1 + (3 On at
°S.L&A Ca On 
i . e .  dOn -  -  A Oa -  i  + fb___________
dt I t  Ca/on
There fo re  the u n im o lecu la r  constant k
Using (9 ) w ith  (8 )
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~ 1 • dCn o r
cncn , at
32s = k ' (o0 -  on ) cn
The co n d it io n  then ,on  which such a type o f  r e ­
a c t io n  w i l l  g iv e  a u n im o lecu la r  constant i s  Cn ’ =  
const. 0£  Ca » =  C onst. and from equation  (2 ) we 
see th at t h is  i s  e q u iv a le n t  to A rrh en iu s  e q u ilib r iu m ;  
CQ = Const, x On.
cl
( b )  In  the second p la c e  we may assume the d e a c t iv a ­
t io n  to take p la c e  I r r e v e r s i b l y , 
n — a ----  ̂ a 1  )  n r
The equation s a re  then:
-Where a ’ i s  supposed to decompose spontaneously  
and u n im o le c u la r ly  w ith  v e lo c it y  B .
D i f f e r e n t ia t e  ( 2 ) as b e fo r e ,  then ,
~ “ A Ca =  «O n  ®a* ^ A ® a ) ^ °*Pa '
1 • © • -  dt dt
i . e .  dCn ( i f  « O a i )  =  - A C a  + <*BCnGa ' “ cxA °n °a
Ga — ex On Ca * (2 )
dOn _  dCa + A Ca (3 )
dt dt a
(1 4 )
d£a -  ^ o n  5 2 » ' + <xCa i . dCn (1 0 )
dt dt a ~a£
I . e .  1 ¿On -  cxQg ' ( "  A I  B > « A  On)
On ' dt 1 f  ctf Ca i
The problem  i s , t o  f in d  the con d it ion s  under which
th is  ex p re ss io n  w i l l  be con stan t.
I f  the change a  — f  a 1 i s  much q u ick e r  than
a* ----- * n '  then and (ocOy,) w i l l  be  sm all in
— Oa ‘
comparison w ith  1 .
OnWe a lre a d y  know o<Ca l =  ^  i s  sm all in  com­
p a r iso n  w ith  1.
Henoe k =  -  ^  =  « < V  (A -  B ) =  « C a , A .
(s in ce  A i s  much g r e a t e r  than B , by the above 
assum ption.)
The a 1 m o lecu les  a re  in  the same p o s it io n  as  an 
element in  a r a d io a c t iv e  s e r ie s  and th e re fo re  when the  
re a c t io n  i s  p ro ceed in g  s t e a d i l y ,  Ca * w i l l  become con­
stan t and the change w i l l  fo l lo w  the u n im o lecu la r la w .  
A gain , however, by r e la t io n  (2 )  t h is  w i l l  le a d  to  
A rrh en iu s  e q u ilib r iu m  between the a c t iv e  and in a c t iv e
m o lecu les . £a -  <x c a . =  con stan t.
On a
Now in  th is  case  we have assumed th at the change 
a ’ — ^ n 1 i s  s lo w er than  a — > a j , which, in  tu rn , 
we have a lre a d y  assumed much s low er than n  — ¿.a o r
a  f  n . Thus the d e a c t iv a t io n  o f  the a c t iv e  product
i s  re q u ire d  to be  very  much s lo w er than the d e a c t iv a ­
t io n  o f  the a c t iv e  re a c ta n t  -  p ro ce sse s  which a re  very  
p robab ly  s im ila r  in  n a tu re . The mechanism o f  I I ( b )  
i s  th e re fo re  h ig h ly  im probab le .
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Summing up the second p a r t  o f  th is  in ­
v e s t ig a t io n ,  we can say , th a t , i f  the energy o f  
a c t iv a t io n  i s  a cq u ired  a t  the expense o f  the h ig h ly  
en e rg ised  re a c t io n  p ro d u c ts , then the re a c t io n  w i l l  
fo l lo w  the sim ple  u n im o lecu la r  law  o n ly , when the con­
d it io n s  a re  such, that th ere  i s  sim ple p ro p o r t io n a l it y  
between the co n cen tra t io n s  o f  a c t iv e  and in a c t iv e  
m olecu le s . ( a )  I f  the d e a c t iv a t io n  o f  the a c t iv e  
products takes p la c e  r e v e r s ib ly ,  the re a c t io n  w i l l  be  
a u to c a ta ly t ic  in  g e n e ra l.  ( b )  When th is  d e a c t iv a t io n  
i s  a spontaneous i r r e v e r s i b l e  change,then  the law  
w i l l  be u n im o lecu la r i f  t h is  d e a c t iv a t io n  i s  much 
s low er than the lo s s  o f  energy by the a c t iv e  re a c ta n t .
.
I t  thus appears th at the te n ta t iv e  su ggestion  
made by A rrh en iu s  in  1889 (Z e i t .  f .  Phys. Chem. 4 ,
226) i s  ju s t i f i e d ^  n am ely ,th at a sim ple eq u ilib r iu m  
between a c t iv e  and nox-mal m olecu les i s  c h a r a c t e r is t ic  
o f  u n im o lecu la r r e a c t io n . A re a c t io n  chain  mechanism, 
on the o th e r  hand, le a d s  to an a u t o -c a t a ly t ic  p ro c e ss .  
That the second type can be so m o d ified  as to le a d  
to the f i r s t , i s  shown in  p a r t  ( I )  o f  t h is  work.
CONCLUSION.
* . . .  ................
S U M M A R Y .
PART I .
CARBON MONOXIDE DECOMPOSITION OF OXALAOETIC ESTER
DERIVATIVES.
1. The therm al d is s o c ia t io n  o f  e th o x y -o x a la c e t ic  
e s t e r ,  o x a lp ro p io n ic  e s t e r  and o x a lsu c c in ic  e s te r  
i s  found to fo l lo w  the un im o lecu la r law , a t  
tem peratures between 140°C and 200°C.
COOEt.CO. CHR. COOEt CO + COOEt. CHR. COOEt
2. The lo s s  o f  carbon monoxide by the p a ren t-su bstan ce
-  o x a la c e t ic  e s t e r  -  i s  a ls o  u n im o lecu la r , though  
accompanied by a c o n d en sa t io n -re a c t io n .
3. The r e a c t io n  i s  u n a ffe c te d  by so lv en ts  and hydro­
gen io n , but i s  re ta rd e d  by an excess o f  carbon  
monoxide. When th is  gas i s  a llo w ed  to escape  
under i t s  own p re s s u re , the change i s  s t i l l  o f  
the f i r s t  o rd e r .
4. The v e lo c it y  v a r ie s  w ith  tem perature acco rd in g  to  
the A rrh en iu s  law . In  the in te g ra te d  equation^
Q
lo g 10K = -  2 .3  RT +  B
the va lu e s  o f  Q and B w ith  d i f f e r e n t  compounds, 
a re  rough ly  p ro p o r t io n a l.
154.
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R -  OEt -  ch3 -  CHgCOOEt "  °6 H5
Q 35,800 33,300 35,400 44,300
B 13.9 13.4 14.3 19.9
These constan ts have s im ila r  v a lu e s  in  o th e r  
u n im o lecu la r changes.
No ev idence can be o b ta in ed  in  favou r o f  the  
L e w is -P e r r in  r a d ia t io n  th eo ry , e ith e r  from  
a b s o rp t io n -s p e c t ra  o r  by i l lu m in a t io n .
The decom position  o f  p h e n y l-o x a la c e t ic  e s te r  i s
a u t o c a t a ly t ic ,  fo l lo w in g  the equation :
dx , / \- j j  =  k ( a - x )x
The change p ro b a b ly  p roceeds by re a c t io n -c h a in s .
PART I I .
THE THEORY OF THE UNIMOLECULAR REACTION. --------------------------------------------------------------------------------
The h ypo th es is  o f  Lew is and P e r r in  o f  a c t iv a t io n  
by  r a d ia t io n  in  therm al r e a c t io n s , i s  shown to 
have very  l i t t l e  t h e o re t ic a l  fou n d ation .
The experim en ta l v a lu e s  o f  the " l i f e  o f  an 
a c t iv e  m o lecu le” (A ) in  the equation ,
k = A e
a re  shown to  be not in com patib le  w ith  a c t iv a t io n  
by c o l l i s i o n .
V ,RT
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Th is equation  i s  a p a r t ic u la r  case  o f  the more 
g e n e ra l one:
where oc i s  the constan t o f  the e q u ilib r iu m  between  
a c t iv e  and norm al m o lecu le s .
I f  we assume th at ( a )  the r a t e  o f  fo rm ation  o f  
a c t iv e  m olecu les  i s  g re a t  in  com parison w ith  th e ir  
r a t e  o f  chem ical re a c t io n  and th at (b )  th ere  i s  a 
constan t p r o b a b i l i t y  th a t  an a c t iv e  m olecu le w i l l  
r e a c t ,  then the law  o f  change w i l l  be un im o lecu la r  
o n ly  when, as A rrh en iu s  supposed, there  i s  sim ple  
p r o p o r t io n a l i t y  between the con cen tration s o f  
a c t iv e  and normal m o lecu les .
I f  the a c t iv e  p roduct o f  the re a c t io n  hands back  
i t s  energy , by c o l l i s i o n ,  to a second re a c t in g  
m olecu le  the change w i l l  most p ro b ab ly  be  a u to -  
c a t a ly t ic  .
